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The advantages derived from the fciena 
ral Phllofbphy, are fa great and Co univerlally a c? 
knowledged, that an enumeration of them would be 
unneCefiary, if it did not ferve to enliven and direct 
that fpirit of inquiry which is natural to youthful 
minds; and to awaken thofe who from a want of 
reflection are not inclined to look into the caules of 
things. We are’apt to regard objeds to which we 
nave long been familiarized, with languor and indif T 
fc. ence, and we now behold effeCts* without even the, 
emotion of curioflty, which in lefs enlightened ages 
would have been thought miraculous. 

Man in a rude and lavage date, with a precarious 
fubfidencc, expofed to the inclemencies of the fea- 
ibns, and the fury of wild beads, is an object of 
pity when compared to man enlightened anti a Aided 
by Phllofbphy: Ignorant of architecture, of agri¬ 
culture, of commerce, and of all the numerous aits 
which depend upon the mechanic powers; he exifts 
in the defart, comfoitlefs and unfocial, little fuperior 
in enjoytnent to ,'the lion or the tyger, but much 
their inferior in ftrength and fafety. If it be true 
that man ever exided in thi$ date, it.could not have 
laded long; the exertion^pf his mental drength mud 

A a have 



kxMmt&tik to tjic & ts. Aided by tfeefe; thf 
IjUfflRrntfi becomes a garden emtglHQtpd with tern* 
patecrsj *focf populous -cities j and* he 'behold* 
himfelf removed to an immenie diftance fipm the 
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beftOw that'Jeifare tod independence 
idh have enabled fbperior mind* «0 form law** and 
toeftablilh the right* df mankind by mutual compact 
between the powerful and the weak. By this teifine 
it is that ingenious and fpeculative men have col- 
hefted 1 maflfes of knowledge, which induce us to re- 
r gaTd the' powers of the human fniw^ith *ftonifh- 
ment. Hence we poffefs the admirable fcience of 
Aftronomy. A fcience founded on the moft accu¬ 


rate and long continued obfervations, and fyftemilcd 
‘by the pureft mathematical rtafoning; but at the 
fame time fo remote from vulgar apprehenfion, that 
$ts daily and important tiles and predi£Uons are hard* 
ly- foffidknt to prevent its being regarded by the 
' fgpOrant, as a chimera! 

• - The other departments of Natural Philnfophy, are 
not lefa replete with wonders. How great would 
have been the forprife of the ancients* could they 
‘have foreknown the'effects which are produced by 
'the reflexion and fefta&ioh of light 1 By a fldifol 
^management'of thdfc properties, teleibopes and va¬ 
rious ’optical inftrumettts are conftru&odi objects 
too remote td be perceived by the naked eye* are 
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to the contemplation of defeat 
aiW* *fe r in MfeM J*T 

wox-Wia miniature, i&dt&P^ 
fwcrofcop^Mied .***<■t .flCii^WRWl 
cnecataioma* and knqfriedge {& •br/WghfwidHftthe 
Iphere of o«|4eofe*r rj . 

Every one is acquainied^widErir tefgfaritaH# 
from, the £ckace ,of Hydroferics, to 

indebted far many ufcfcl indention*., 
are wind and water 
engines, &c, &c< 

Chemiftry ^ ^ ad¬ 
vantages to focicty. MetaHurgy in it* UWab^rfiP - 

t eat, the arts ofmakifig.lllf^andEOttc^ 
and maiiy odtetsf ,together ■vwryjOOttfefrable 

part of the Materia. Medica v are d^>endsM»f on tHis 
branch of.Phiiofophy^ * VTdm**#* importance of 
Metallurgy, tin# be tendered ^ipsw^raftafegfe 
confidcratioo aof^ the r4t£J) ; is 

applied, >; W«hWfi;te fte# 

coolly of. £? f^ lr r 

armin' 

‘i. «ftd thfr v#ry ,< 
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}, jmksmpky • is oiot chewfore a dry ftudy, but % 
ptttfofr of vfa* higheft utility and entertainment* 
?&oft Mo estate fbe fciences know that they 
naturally produce a fraocre and difinterefted love of 
tputlu«. An enlarged view of things deftroys the ef- 
hwSkfr'Of prejudice, insert, the propereft ideas of the 
jpMt original Caufe, and promotes a deteftation of 
every thing that a mean or hw(l\ And if there be a 
plea fare in attending ro objects which fill the mind 
by their immenfity, and delight the imagination by 
the'continual drfeovery of new and fublimc analogies, 
it » not so be wondered, that Philofophors putjuc 
their fludies with a degree of mention and ardor, 
which is not found in any other let of men. 

* The order of arrangement m the prefent work, 
is fuch as was ioggdted by the fubje&s themlcives. 
After a ctirfery enumeration of the general propei ties 
of matter, motion is principally attended to, being 
that affection of matter by which all changes are 
brought about. Medianics and aftronomy natui ally 
follow, and arc fucceeded by an elucidation of the 
properties and motion of light Tlic more complex 
motions of fluids, and die atmofphcric phenomena 
are next confide red. 1 bus for it will be obfervrd, 
that the work tieats of fuch general efforts as arile 
’ from the motions of bodies, without any particular 
rdpert to thofo fpedfic properties which diflinguifh 
them into 'Various dafifes. The remaining part of 
the ireatife » employed Upon thefe fpecific proper¬ 
ties : a long fertion upon chemiftry is given for the 

purpofc 
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purpofc of explaining tltem as for as they ure as 
prefect known, and ore capable of being uaderftood 
by mete reading* Magnettfm and ele&nciff oq~ 

. cupy the concluding fc&iona. . Upon the whole, 
therefore, it will be fowl that the ntoft fcientific awl 
beft eftabli&ed parts of Natutal Philofophy Me firft 
treated of, and are followed in fuccriCon by others 
which are left under flood. 

This treatife being intended to give a clear ne* 
count of the prdenrttace of Natural Philofophy, to 
fuch as pallets very little mathematical knowledge j 
care has been taken to felect fuch fa&s and experi¬ 
ments as tend to eft jblifh elementary truths. The 
varieties of experiments of die feme kind are not 
therefore numerous * but it k hoped that the advan¬ 
tage of a greater number of general principles, is by 
that means obtained. Philofophical inftruroeats 
h]'cvni\, are not minutely deferjibed. References to 
the parts of drawings are not often read or undep- 
ftood: for which reafon it was drought better to ex¬ 
plain tl eir general conftru&ion, and leave the mi¬ 
nutiae to ocular infpe&ion. The grand objed 
throughout has been to relieve die memory, and 
affift the under Handing, by concifcncfs and illuftra- 
tive arrang xnent. 

Thofe prolix difquifitioos, which render the com¬ 
mentator lefs intelligible than the author commented' 
upon, are thus avoided * neither has the afFe&arion 
of familiarity, which 13 ufually attended with «lax, 
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c*^«n«m tf .one event 
W&er equally oWcore, been indulged. Oil* the 
contewy, the aothorhaa every where endeavoured to 
ptfderve.that fofojhty of atgumtot, and preoificn of. 
cxpntffion, which diftfoguifo the work* of the beft 
Philofophen. And, nobvithfranding the nature of 
the undertaking unavoidably required a deviation 
from thofe elegant and general principles which are 
obtained by ftricl mathematical reafonfog; yet it is 
prcfcimed that the ftudent will find nothing in this 
tr^adfe, which he will be under the necefftty of 
unlearning, when he attempts the peruial of thofe 
book* to which this is offered as an introduction. 

The attentive examination of other books, to 
which the writer of this performance has had recourfc, 
has fhewn him, that even die works of thofe great 
men, who deterve and poffefs the higheft reputation, 
are not free from errors of impoi tance. The prefent 
occafion does not require the difagreeablfe talk of 
pointing them out j hut this very confideration will 
not permit him to hope tliat his diligence^ lias en¬ 
tirely excluded miftakes. However he has little to 
fear on that account, befog fenfiWc that thole who 
are the beft able to difoover diem, will at die fame 
time be the* readied; to exercife that candor which 
every writer has need' of* / 

The liberty which has been taken in altering the 
words of other authors, and adapting them to the 
purpofe ofthh work, f would have prevented the ufe 

of* 
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of fonwl quotations II hud tjcdn foppufeii* 
ntcdBesfi dnd as the ftd fafr Inten tion Si i*>t Sr*#' 
toftarieai/tbe name* of WtkMfh & V t bccri wxfi&A m 
much as was dtmtiAm wfeh the Wtfti* of the writer, 
to e^ade die fofpicioh efpfegtarifrrt. If phtgSaHfhi 
can be imputed to the* aufoor of an cp itonte of 
frience, this ackitoWitdgthent muft be alfowtd to 
obviate the charge. 

In the printing every thing which could be ima¬ 
gined of fervice to the book, as a manual of philo- 
fophy, fees been done. A varying tide at the head of 
each page, and copious indexes, are annexed. From 
thefe the leader will fee that fcamely any ftft of Im¬ 
portance has been omitted. 

The learner who may be induced to fix his che¬ 
mical reading in his memory by recurring to ex¬ 
periment, which may be done with very little ex¬ 
pence, is cautioned to beware of the danger with 
which it is fometimes attended* The iolution, eva¬ 
poration, and calcination of uninflammable matters, 
may be performed in the common apartments of a 
dwelling houfe; but the diftillation of corrofivc or 
inflammable fubftances, ought not to be*attempted 
but in a place prepared for the purpofe. The burn¬ 
ing 'of a retort containing any concentrated fuming 
acid, muft be very deftru&ive to fornittipc, as well 
as prejudicial to health j and ardent fptrits* retfns, 
and the like, would endanger the houfe if a fimilar 
accident were to happen. I v is impoflibie to give 

advice 
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ndviee againft the many cafualcies to which che~ 
laical mpemXHtna arc liabk. One general Ituxkn 
» alfaj* tokc^eavp^r ffo* anri4iptt> f<*e#e the 
confcqucnce, or probable rcfult, of the intended 
prepefe, and when that cannot be done* to obferve 
rite phenomena, and proceed with caption. 
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SECOND EDITION. 

% 

The improvements in this fecond edition 
arp very con fiderable; as well in confe- 
quence of the rapid progrefs of the difcovc- 
ries made by Philosophers in ail parts of the 
civilized world, as ofthe careful revifion the 
whole work has undergone; The additions 
are equivalent to. a third volume, though by 
an alteration of the type, and page, this 
edition has been prevented from exceeding 
the former in bulk or price. Many ad¬ 
ditional figures have been inferred in the 
plates, and thofe numbered vii. and viii. are 
entirely new. Marginal references are like- 
wife annexed, which it is hoped will be 
found eminently ufefuL In thefe the figures 
denote the pages, and the letters the para¬ 
graphs of the pages, where the proofs or 
illuflrations ‘referred to are to be found : and 

in the fecond volume the numeral letter i. 

. ' 

is 
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is prefixed whenever the firft volume is 
referred Jtt. 

London# 

Nov. ill# 1786. 
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Of the prefect foiirfh edition 1 have only- 
to obferve, that the whole has been carefully 
revifed, and the recent difcoveries added in 
their proper places* 

London# 

January 8tb, 1796. 
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INTRODUCT 1 



TO 

NATURAL PhlLOSPHY. 



OF THE DECREES OR KINDS OF KNOWLEDGE j AND 

THE RULES OF PHILOSOPHIZING. 

* 

Th e impreflions made on the organs of fenfe by 
external objelts produce ideas in the mind. We are 
continually employed in amaffi g a ftoclc of general 
truths refpedting them, which is calleJ knowlei. ge. 

An intelligent being, whole powers are limited, 
muft of neceffity be unt yui to tilt p ■’formance ,of 
many things. If any aider cion be made refpefting 
two or more ideas, it will imply either truth or 
falfehood; but the calcs in which we can with cer¬ 
tainty dilcover the one or the ocher are very few, 
in compaiifon with thofe that are placed beyond 
our power of inveftigation. Yet, as a decifion is 
almoft always required tor the regulation of our con¬ 
duit in the affairs of life, the greater part of our 
knowledge becomes founded on probability, inftead 
pf eftablifhed truth. The means, of acquiring 
knowledge may therefore be faid to be of three 
Qfy. I. B kiiidsv 
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kinds. Certainties arq obtained either by intuition 
or demonftradon j probabilities are obtained by ana* 
logy. 

There are forme ideas whole mutual relation in 
** certain refpe<fts is fo evident^ that nothing more is 
required to obtain the knowledge of ft, than to apply 
them to each other. For example; if a given body 
be divided into parts, and die mutual relation be¬ 
tween the whole body and one of its parts, with re* 
fpe& to magnitude, be demanded, the mind imme¬ 
diately conceives, with the cleared: and mod ablolutc 
certainty, that the whole body is greater than its 
part. If the particular body or magnitude in con¬ 
templation be abftrafted, or left out, the proportion 
becomes general in this form# viz. every magnitude 
is greater than any part of the fame. This kind of 
knowledge is called intuitive, and the general pro¬ 
portions are termed Axiom.* 

When it is required to determine the mutual re¬ 
lation of two ideas, whofe agreement or dilagree- 
fnent cannot be intuitively perceived, the truth may 
often be obtained by the interpofition of a chain of 
axioms. This method of exhibiting the truth is 
termed demonftradon, and feems to be applicable 
only to our ideas of the quantities and pofidons of 
magnitudes. Fof this reafon, it will be difficult to 
give an example without having recourfe to the ma- 
thematicks. The following will, however, be eafiiy 
underftood. 

V 

Fig. |. Let the two circles in the figure be (up- 
pofed equal, and the circumference of each to pafe 

- ■ through 
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through the center of the other. Imagine the cen¬ 
ter i co be joined by the right fine a b, and the fine* 
a a, c b, to be drfwn from one of die points Where 
the circumferences interfe& each other, to the cen¬ 
ters refpc&ively. Then, I fey, the lines a b, b c, 
c a, will be equal each 16 each. 

The demonftration of this truth is as foflowS: 

The word circle fignifies a plain figure, contained 
under one line, called the circumference, to which 
all Tight lines drawn to a certain point within the 
figure, called the center, are equal. As foon there¬ 
fore as it is understood that the figure a c d is. a 
circle, and that th<^ lines a a, ci, are right lines 
drawn from its center its circumference, it is ac* 
knowledged intuitively, and without further argu¬ 
ment, that thole lines are equal. 

The lame reafon in the circle set evinces, that 
the lines a b, a c, are equal. 

The lines a c, c b, being thus proved to be eadt # 
equal to the fine a b, are likewife equal to each „ 
other. For it is an intuitive truth or axiom, that 


things equal to one and the lame thing are equal to 
each other. 

The want of axioms, and the labour of demon- 1 
ftration, are not the only impediments to the acqui- 
fition of knowledge. Knowledge is converfant with 
ideas only: it can therefore be laid to poflefs reality 
witli refj>e& to eternal objedfe, ib far only as thofe 


fcfeas th«y bC taken or fuWtituted for the things they 
reprefent $ but it is impoffible to determine how fiur 
thU ix&f be done with propriety, even if k can be 

B 2 clone 
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done At aJL In referring from ideas to things we 
afe liable to error, not only bescaufe' die compound 
kffca of a being confifts of an afiemblage of its pro¬ 
perties, which may be incomplete And inadequate, 
but like wife bccaufe thole ideas rpay even be quite 
different from any thing cxHting in the being itfelf, 
as may be inftanced in the ideas of colour, found, 
pain, &c. The great perfpictiity and certainty of 
mathematical knowledge arifes from die fimplicity 
of the ideas employed, and their not depending on 
any external being: for, as this fcience treats only of 
ideas, it is of no cOhfequence to its truths, whether 
geometrical figures ever had an^exiftence; it being 
fufficient that their exigence is poflible. 

The greater number of our ideas being too com¬ 
plex and imperfect to admit of intuitive conclufions 
or axioms, it is evident, that in general we mull be 
contented with lefs proot than demonftration. In- 
ftead therefore of endeavouring to obtain axioms by 
comparing ideas, we obferve events, and from the 
contemplation of what has happened, we form a 
preemption of what will again come to pals. Ob- 
fyvation has {hewn us, that a certain event is 
always followed by another determinate event; we 
fuppofe a relation to fubfift between diem; we 
imagine this relation to be neceflary; we diftinguilh 
the prior event? by the name of Caufc, and the latter 
we call the Kffe£h This kind of knowledge, which 
is not founded on realbning, but on experience 
atone, may be termed Analogical, and is much left 
-perfedt than what is obtained by intuition or de- 

monftrarion. 
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monftratien. That a done will dcfccnd to the earth, 
is an analogical proportion. It cannot be demon* 
Anted; but, from ie confideration of a vail ftUfti- 
ber of events of the fame nature, a degree of pro* 
bability arifes, which commands our aflent. It is 
dear, that analogical proportions are no more than 
ftrong probabilities, from the remarkable circum- 
fiance, that their converfe does not imply an abfur- 
dity. To deny an intuitive or dethonftrative truth, 
is to afTert an impoffibility; but to deny an rfnalogi* 
cal truth, is only to afTert an improbability. The un- 
derftanding revolts at the affirmation, that a pert is 
greater than the whole body; but we fee no impof-. 
Ability in the afierdon, that a done, at fome time 
or place, has'remained in the sur without a tendency 
to defeend; this fuppofition being highly unproba¬ 
ble, but nothing more. In find, demonftration Is a 
collection of truths or axioms > analogy is a collec¬ 
tion of probabilities. Simple probabilities are to 
analogy what axioms are to demonftration. Now, 
there is no comparifon in point of certainty between 
axioms} all being equally true; but probabilities 
differ exceedingly in their degree of credibility. 

Natural PhUofopby, ftri&Jy fpeaking, admits of 
no other proofs than thofe of analogy. To give 
liability to this fcicnce, it'is neceflary to admit no 
probabilities as firft principles of analogy, but thofe 
which poflHs the ltrongeft and mod incontrQvertibfe’ 
refctnblance to truth. For this purpofc, the follow¬ 
ing rules are adopted; 
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Rules of Philofophizing. 

I. 

No more caules of natural things ought to be 
admitted than are real, and fufficient to explain the 
phenomena. 

n. , 

And therefore effects of the fame land are refer- 
ed to the fame cauies. 


HI. 

Thole qualities, whofe virtue can neither be in- 
creafed nor diminilhed, and which are found in all 
bodies with which experiments can be made, ought 
to be admitted as qualities of all bodies in general. 


BOOK 


BOOK I. 


SECT. I. 

Of Matter in the Abftra&. 


CHAP. L 

OF MATTER AND ITS PROPERTIES. 

Matter is known to us only by its properties. a 

The properties common to all matter are exten- b 
lion, impenetrability, inertia or refinance, attraction, 
motion, and reft; all which, except the two laft, 
which cannot exift together, are found in all bodies 
whatfoever. 

It would be, perhaps, a fruitlefs attempt, to en¬ 
quire whether thele are the only qualities with which 
bodies are endued in common. Matter may poflefs 
many others, that pur fenfes are ndt adapted to ob- * 
ferve, or which have even efcaptd die notice of 
Philofophers. But it is neceflary to obferve, that c 
we are totally ignorant of die fubftance in which 
thele properties are united. The effcnce of matter 
is unknown to us. We xnuft not, therefore, aflame 
one or more of thefe properties as compoftng that 

B 4 cflence 
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fcfTcnce itfelf; for moft of the errors of the earlier 
philofophers have arifen from this fource. 

p There are other properties, fbmetimes called Ipe- 
cific, that are hot found in all bodies i fuch as tranf- 

. parfney, opacity, fluidity, confidence, and the like. 
But thefc feem to relate to the figures or motions of 
the parts of bodies, and are, therefore, referable to 
the general properties. There are alfo feveral Ipe- 
cies of attraction and repulfion, which will be at¬ 
tended to in their proper places. 

„ , Here follow definitions of the general properties 
above. mentioned. 

• i 1 

S- Extenfion, is that adeCtion of matter by which it 
occupies part of Ipace. 

A 

f Impct^trability, is that by which two bodies can¬ 
not exift in the fame place at the lame time. 

C Inertia, is that by which a body refills any force 
impelling it to a change of date, with regard to mo¬ 
tion or red. - 

h Attraction,' is that by which one hotly continually 
tends to approach to, and, if not by external means 
prevented, does - approach to, another body or bo¬ 
dies. 

i Motion, is -a continual and fuccefijve change of 
placed Reft, is the permanency or remaining of a 
body in.tHe feme place. 


CHAP. 
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OF EXTENSION AND IMPENETRABILITY. 

The idea of extenfion is lo fimple, that it a: 
cannot be defined. For though in the preceding 
Chapter it was pointed out as that affe&ion by 
which matter occupies part of fpace, yet, there can 
be little doubt but that the idea of extenfion is 
itlelf antecedent to that of fpace, and therefore not 
properly definable by it. In order to facilitate the 
confideration of fuch truths as ‘relate to extended 
magnitudes, geometers have, as it were, analyzed 
extenfion. It is evident that extenfion implies form f, 
or figure, and figure mull be limited. Tbif limit or 
termination of figure is called a furface, or fuper- 
ficies. A fuperficies is likewife limited, and its 
termination is called a line. And the termination 
of a line is called ! • point. Now, though it is clear, m 
that a fuperficies, a line, or a point, cannot exift 
feparate or apart from .an extended being, yet, it 
is certain that the ideas of them may be confi- 

dered diftinolly, without immediately referring to the 

* " 

ocher confequences anting from the general idea of 

A 

extenfion. In this fenfe mathematicians define a *. 
point to be that which has no part, or is altoge¬ 
ther indivifible; a line to be that which is length* 
without breadth, or is divifiblc in one refped, 
namely, of lengthj a furface to be that winch Has- 
only length -and breadth, or is di'&fibfc m* two re- 
fpedfcs, namely, of length and breadth) and a folid 
\ ' to 
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to be that which has length, breadth, and thick- 
nels, or is divifible in three refpe&s, namely, of- 
length, breadth, and thicknefs. 
o No finite or imaginable divifion of a line can 
ever produce a point or indivifible part. A line is 
therefore divifible into an infinite number of other 
lines, or fimilar parts, and confequently much more 
is a fuperficies, and yet more a folid. A mathematical 
iolid, that is to fay, pure extenfion, is divifible to in- 

* * i 

finity: and if the elements of matter be of the fame 
nature as the aggregates they compofe, matter is 
likewife infinitely divifible. A variety of remark¬ 
able confequences follow from thefe plain deduc¬ 
tions j of which we fhall proceed to mention a 
few infta^ces both theoretical and practical. Thus, 
p Any quantity of matter, how fmall foever, and 
any finite fpacc, how great foever, 'being given 
(as for example, a cube circumfcribed about the 
orb of Saturn) it is poflible for the fmall quantity 
of matter to be diffufed throughout all that fpace, 
and to fill it, fb that there fhall be no pore or 
interfticc in it, whofe diameter fhall exceed a given 
finite line. 

To prove this, fuppofe the cube to be divided 

«. * 

into fmall cubes, whofe fides fhall each be equal to 
half the given lbe. It will be eafily feen, that the 
number of fmall cubes Will not be infinite. Ima¬ 
gine the quantity of matter to be then divided into 
a number of parts equal to that of the fmall cubes, 
and a particle to be placed in the center of each 
cube. The whole fpace will thus be filled, and 
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the greateft distance between two adjacent particles, > 
or, in other words, the diameter of any pope or 
interface, will be kfs tfoan the given line. 

Hence there may be given a body, whole mat¬ 
ter, if it could be, reduced or coroprc fifed into a 
Ipace abfolutely fillip that Ipace may be any given 
part of its former magnitude. 

Again i there may be two bodies of equal bulk, q. 
and their quantities of matter may be unequal in 
any proportion, yet the fum *of their pores, or 
quantity of void fpace in each of the two bodies, (hail 
be nearly in the proportion of equality to each other. 

This is not lb obvious as the former inftance; 
but an example will render it clear. 

Suppofe one thouiand cubic inches of gold to 
contain one cubic inch of matter, or, in other 
words, when reduced into a fpace abfolutely foil, 
to be equal to one cubic inch: then one thoufand 
cubic inches of* water will contain one nineteenth 
part of an inch of matter when reduced. Confe- 
quently, the void lpaces in the gold will be nine 
hundred and ninety-nine cubic inches, and thofe in 
the water nine hundred and ninety-nine cubic 
inches, and eighteen nineteenth parts of an inch ; 
that is, they will be nearly in.thc ratio of equality. 

Yet, the actual divilibility of matter can. proba- r* 
bly be carried' but to a Certain degree. The ulti¬ 
mate particles of bodies, it is moft* likely, are not 
to be altered by any force in nature. Bin: there 
are, neverthclefs, many inftanees which fliew. to 


* Gold is .nineteen times as heavy as water. 

8 what 
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whaft inconceivably minute parts bodies may be 
actually divided. 

s A grain of leaf-gold will cover fifty tfquare 
inches; and contains two millions of vifible parts ; 
but the gold which covers the filver wire, ufed in 
making gold lace, is ipread over a fur face twelve 
times as great. 

t In making this wire, it is ufual to gild a cylin¬ 
drical bar of filver ftrongly, and afterwards draw it 
into wire, by palling it fucceffively through holes 
of various magnitudes in plates of fleel. By this 
means the furface is prodigioufly augmented, noc- 
withftanding which, it ftill remains gilded lb as 
to preferve an uniform appearance even when exa¬ 
mined with the microlcope. The quantities of 
gold and lilver, and the dimenfions of the wire, 
are known. With thefe data it is eafy to calculate, 
and from calculation it is proved, that fixteen 
ounces of gold, which, if in the form of a cube, 
would not meafure one inch and a quarter in its 
fide, will completely gild a quantity of filver- 
wirc fufficient to tircumfcribe the whole globe of 
the earth. 

u The animalculas obferved in the milt of a cod- 
fifti are fo finall, that many thoufands of them might 

* ftand on the point of a needle. 

Suppofing the globules of the blood in theft 
animalculae to be in the fame proportion to their 
bulk as the globules of a man’s blood Bear to his 
body, it appears, that the fmalleft vifible grain of 
fand would contain more of theft globules than 

10,256 
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10,256 of the largeft mountains in the world would 
contain grains of fand. 

Thele inftances may ferve to lhew the amazing v 
fineneft of the parts of bodies which are neverthelds 
ftiil compounded. Gold, when reduted to the thin* 
neft leaf, ftiil retains thole properties which arile 
from the modification of its parts. Mlcrofcopic 

animalculae are without doubt, organized bodies, and 

* * 

the particles of their circulating fluids mu ft be pof- 
feffed of lpecifk qualities. Even the rays of light 
are compounded of an almoft infinite variety of par¬ 
ticles, which, when feparated from each other, exhibit 
the powers of exciting ideas of colours. None of thefe 
are the ultimate particles of which all bodies are form¬ 
ed, for they all bear evident marks of compofiuon. 
How inconceivably fmall then muft thofe particles be! 

To thele ultimate particles alone it is, that im- w 
penetrability can be attributed. Penetration takes 
place in all compounded bodies. Water esifts in the 
pores of wood. Air in the pores of water. 'Quick- 
filver in the pores of gold, &c, &c. 

Some philofophers have queftioned whether im.- x 
penetrability be really ajproperty of matter; and it 
muft be confcfled, that, notwithftanding this idea 
is fo dofdy connected in the formation of our com- . 

4- 

pound idea of matter, yet, if we examine from • 
whence the notion is originally obtained, we Ihall 
find that our knowledge is much lefs certain than 
we may have fufpc&cd. 

To make this clearer, we muft confider that our r 
notion of impenetrability is derived from the fenfe 

of 
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of feeling. We move the hand towards a body, 
and in fituations where motion is not generated, it is 
prevented by that body from going forward; \ from 
which we conclude, that the body pofiefles a part 
of fpace to the exclufion of every other body * that 

t 

is to fay, that it is impenetrable. 

But, in order to juftify this conclufion, it is 
neteflsiry that we fhoukl be certain that it is the 
body itfelF, adlually occupying fpace, which redds 
the preffure j and of this we cannot be aflured, 
dnce We obferve many indances in which bodies 
afford refidance to other bodies which move in 
fpaces at forne didance from the redding body. 
Thus, the loaddone, in certain circumftances, redds 
the motion of iron which approaches towards it} 
and there is no doubt but this refidance or repul- 
fion, if exerted on any part of a. man, would afford 
a fenfation dmilar to that which arifes from con- 

i 

ta£l. If the man had not dght, or fome other fenfe 
to perceive that the redding body was really didanr, 
he would, from the fenfe of touch, conclude that 
the body was in contaft with the part perceiving; 
and, if any force he could produce were infufEcient 
to overcome that refidance, he would conclude the 
body to be impenetrable. 

Now, by feveral experiments, which we fhall 
have occadon to mention in the courfe of this 
work, there is the highed reafon to conclude, that 
all bodies exert , a repulsive force on each other, 
and that the common effects which are attributed 

f % • % 

to contradt and collides are produced by this repul- 

don: 
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fion: And, ifio, why-not attribute all efie&s of 
the lame nature to thiscaufe, which we know exifts, 
inftead of fuppofing an impenetrability that can 
never be proved ? 

If the force of repuifion be fufficiendy great, it b 
may not be, in the power of any natural agent to 
overcome it, and, conlequcndy, all the eflfefts of 
a real impenetrability will take place, though the 

fubftance or matter itfelf may not be impenetrable, 

% 

or even extended. 

It is not in our power to determine, whether c 
impenetrability or extenfion be eflentially ne- 
ceflary to exigence. For the extenfion of the 
elements of matter leems capable of no other proof 
tlian what may be drawn from their impenetrability; 
and experiment cannot decide, becaufe a finite 
prelfure can only prove the reaction of a finite re¬ 
finance. 

> 

The queltion therefore is, whether it be more d 
probable, that the particles of matter are beings 
pofTefied of a finite power of repuifion, which pre¬ 
vents their mutual approach, but does not render 
mutual penetration or coincidence in the fame part 
of fpace impofiible, on the application of force 
fufficient to overcome that repuifion; or whether 
they be impenetrable atoms, which, conlequendy, 
mult refill fuch coincidence with an infinity force? 

Here we mult attend to the fa&s. If the repul- b 
fion continually increafed as the diltance of the 
bodies decrealed, we might conclude that it was 
the only caufe of the apparent impenetrability of 

bodies i 
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todies; but, as in the loadftone, there is a certain 
jinall diftance at which repulfion ceafes, and attrac¬ 
tion takes place, fo in comprefling bodies together, 
with a certain degree of prefiure, the diftance is 
at length diminifhed fufficiently for the bodies to 
adhere. The phenomena are probably fimilar; 
but, at all events, the cohefion of the parts of 
bodies fhews a mutual attraction; and it is not eafy 
to explain why the parts ihould not mutually pene¬ 
trate and coincide, when the repulfion on which 
their impenetrability was fuppofed to depend, has 
ceafed, and- given place to attraction. And on 
this account the doCtrine of impenetrable atoms 
would feem the moft probable. 

This deduction, however, fuppofes the impenetra- 

t 

ble particles to come into contaCt, where attraction 
has taken place. But it is certain they do not. 
For things in abiolute contaCt cannot come nearer 
without penetration, and cold is known to diminifh 
die bulk of bodies; or, in other words, to bring 
dicir parts nearer each other than before. This con¬ 
traction is greater, the greater the cold. Without 
enquiring into the nature of cold, we may therefore 
prefume that the utmoft poffible cold would either 
bring die impenetrable particles into abiolute con¬ 
tact, or cauie the body to vaniih by the mutual 
penetradop of all its elements. ’ Thus, the original 
queftion returns to us, and the only remaining argu¬ 
ment feems to be-—-— If by the firft rule of philofo- 
phizing (6) we are to admit no 4nore caufes of 

natural things than Me fufficicnt to explain the 

• 1 * 

phenomena. 
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phenomena, and we know that a fphere pf repul- 
fion exifts as the proximate caufe of our ideas of 
impenetrability and extenfion, why fhould we add 
to this an extended atom exifting in the center of 
the fphere of repulfion ? 

The quantity of matter in the univerfe is much o 

* k 

lefs than is generally imagined. This truth may be 
deduced from what has been faid already on this 
fubjeft; but more efpeciaily from the properties of 
tranfparent bodies. Light pafics through thefe in 
all dire&ions without the leaft difficulty. The focus 
of a burning mirror, which augments the denfity of 
the fun’s rays upwards of three thou fan d times, 
may be received in the bodies of glafs or \yater, 
without producing any efTe< 5 V; fo far are the par¬ 
ticles of thole fubllances from impeding the paflage 
of light. And the bottom of the lea has been difi* 
cerned at a greater depth than fixty feet. It feems 
not improbable that the real matter in a fmall piece 
of glafs may bear a lefs proportion to its bulk than 
that bulk does to the whole earth. 

To render the poffibility of this more evident, H 
we may fuppofe a body to be fo conftru&ed, as to 
have as much vacuity as matter; then half the body 
would be vacuous. And if the particles of which 

it is compofed, be conftru&ed in the fame man- 

» 

ner; then the vacuity will become three-fourths of 
the fpace occupied by the body. Again, let thefe 
laft mentioned particles be conftrufted in the fame 
manner; the vacuity will then be feven-eighths. 

Vol. I, C And 
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And if the feries be carried forward to the tenth 
order of particles, the vacuity will exceed the 
matter cne thoufand and twenty-three times. 


C H A I\ III. 


OF THE INERTIA, AND MOTION OR REST, 


It is chufly from the inertia that we obtain a 
knowledge of thn relative quantities of matter 
in bodies. The quantities of matter in bodies 
abielutely fimilur in compofition, are determined 
by their extenfion; but in diiTur.iiar bodies the 
proportion does not hold. Now, in bodies fnnilar 
in compel; lion, we .obferve that the inertia follows 
the propoition of the exter don, that is, I.y reafon 
of the fimilarity, the proportion of the tnafs of 
matter i and from thence, by applying the propor¬ 
tion of the inertia to d'nTm filar bodies, we obtain a 
knowledge of iluir mafits. Thus, for example, 
the quantity of mutter in one cubic inch of gold is 
as i, in tw'o cubic inches as 2 , in three cubic 
inches as ?, and fo forth: this we gather from the 
extenfion, and aifo from the inertia, both which, in 
this cafe, follow the fame pr£p.,rtion. But if a 
cubic inch of copper be added, though the exten¬ 
fion be augmented as 1, yet the inertia increafes 

only as ‘; therefore, either the extenfion or the 

* 

inertia is not the proper meafurc of the mafi:; 
and, as we can more readily admit that the 

extenfion. 
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Cxtcnfion, or fpace occupied within the external 
limits of the body, may, by porofity in the body, - 
ceafc to be the meafure, than that the inertia of the 
ultimate parts of matter Ihould vary; we conclude, 
that the quantity of matter is as the quantity of the 
inertia) though it mult be allowed that neither 
pofition is phyfically demonflrable. 

The inertia of matter being that by which it k, 
refills any change of ft are with regard to motion or 
reft, is meufured by the force which is required'to 
produced a given clr-pgc; that is to fay, the force 
required to give a certain degree of velocity to a 
body at reft a, containing ten parts of matrer, is 
five times as great as would produce the fame efte-ic 
on a body at reft u, containing two paits. 

Tins forcxuMn a moving body is called die quan- h 
tity of motion, or momentum, and is meafured by 
thc mafs of matter multiplied by the velocity; for 
the whole motion of a body is the fum of the mo- 

4 

lions of all its parts. Therefore, in the laft men- 
ti'Med inflance, the body a moves with five times 
the force that b moves with, though rhe velocity is 
the lame in both. Lut if the \elocity of b were to 
be augmented five times, the quantities of motion 
would then be equal; that of a being exprefied by 
10, multiplied by i, and that of b being ixpreiTed 
by n, multiplied by 5. 

Motion and reft are diftinguiflied into abfolute 
and* relative. Abfolute motion is die removal of a m 
body from one part of fpace to another. Relative n 
motion is a fucceflive change of fitu.uion with 

C 2 refpeft 
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refpe& to another body, though that body may not 
be at reft. Thus, a man fitting in a barge in 
motion, is relatively at reft, that is, with refpefk 
to the parts of the barge: but abfolutely in mo¬ 
tion i being removed, with the veflel, from one 
part of fpace to another: • On the contrary, the 
bargeman, who fixes a.ftaff in the ground, and 
gives motion to the barge by walking along its 
gunwale. Is abfolutely at reft, for the ftaff againft 
which he leans is fixed; but relatively in motion, 
fince, with refpedl to the veflel, he walks from 
one end to the other. But if the earth be fup- 
pofed in motion, the abfolute motion of the barge 
and its contents will be compounded of its relative 
motion, together with the abfolute motion of the 
earth. 

o There is another diftin£ : *>n in motion, by which 
it is called apparent or angular, and which depends 
on an optical fallacy. Tims, to an eye at e, (fig. 
2) a body which moves from c to d, or from f 

to g, will apparently deferibe the line a b, though 
the real motions are very different. And if a body 
move, either directly cowards, or dire&ly from die 
eye, it will be apparently at reft. It is true, .that, 
from other circumftances, we have acquired the 
habit, of diftinguifhing different motions which are 
made obliquely to the eye; but where thofe cir¬ 
cumftances are wanting, as in the heavens, it requires 
no froall degree of attention to diftinguifh the real 
from the apparent motion. 

' ' Experience 
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Experience proves, that the three followmg laws 
are fufikicnt to account for all the phenomena of 
motion. 

Law X. 

Every body continues in its ftate of reft, or of p 
uniform motion in a right line, unlefs compelled to 
change that ftate by forces imprefled. 

For matter at reft, being endued with no power of 
moving itfelfj would remain fo for ever, unlels 
impelled by fome external caufe. 

We have alfo daily proofs, that a body in mo¬ 
tion will continue to move uniformly in a right line, 
unlefs prevented or diverted by fome other agent. 
The refiftance of the air, and the force of gravity, 
in a fhort rime deftroy the morion of all projectiles, 
which otherwife, by the vis inertiae, would continue 
for ever. 

Law II. 

All change of motion is in proportion to the q, 
force imprdfed, and is made in the line of direction 
in which that force is imprefled. 

For if any force produces morion, a double force 
will produce a double quantity, and a triple force a 
triple quantity, whether it be imprefled all at once, 
or by fucceflive impulfes. And this morion, fince 
it always has the fame direction as the generating 
force, if the body be already in motion, either in- 
creafes the fame, by confpiring therewith, or dimi- 
nifhes it by oppofirion, or is added to it obliquely, 
being compounded with it according to the direc¬ 
tions of the two motions. 

C 3 Law 
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Law III. 

r A&ion and reaction are always equal and con¬ 
traiy; or, the mutual actions of two bodies aie 
always equal, and in contraiy dilutions. 

Thus, if a ftone be piefltd by the finger, the fir c u r 
is equally preflfed by the Hone. If a horlc drav s 
a ftone, the ftone draws the hoik cqiu'ly back¬ 
wards, for the rope is equally futchul tovvaid. 
both. If one body impels anothci, it will ukif 
fufitr an equal change of mod m be the na u >i. 
in a contraiy dire*ftion. If the ludlbin* .1 i : 
iion, it is iifclf equally attiailed, ard Ik 11 ai at 
reft, when they come togethu, wl ich t >J 1 not 
be if tht) did not puls equally. By ti is i a an t a 
changes of morion, !hough not of vtla.uy, aie 
always cquil. 

To illuilrate this yet mot'. 1 ip >1 a h »u 
pioceeds vith a quantity of motion < Apicfiu! lr 
the number j, and that it wot-xl icquiic a hice 
equal to z to move i ce.ta.n font. J he hoile 
then drawing, pioceeds with a foice equal to i, 
the reaction of die ftone destroying as much force 
as the ’action communicates to it. 

From thefe laws the following c lolhuics aie 
eahly deduced, which may be applittl to lolve all 
the effefts which can be pioduced by the mecha¬ 
nical poweis. 

Corollary I. 

5 A body impelled by two forces acting in the 
direction of the two Tides of a parallelogram will 
deferibe the diagonal in the lame time, as by die 

aftioq 
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aftion of one of the forces, it would have defcribed 
one of the fules. 

A body at a (fig. 3) would be carried with an 
uniform motion in a given time,to b, by the Angle 
force m imprefied at aj and by the Angle force 
n, imprefied at the fame place, would be carried 
from a to c: complete the parallelogram abdc, 
and by the combined forces, it will be carried in the 
fame time in the diagonal from a to d. For fince 
the force n ads according to the diredion of the t 
line a c, which is parallel to b dj it will, by 
Law II. in no refped alter the velocity of approach¬ 
ing to r 0, which was produced by the other force. 
1 l hei efore, the body wall in the fame time arrive at 
the line u d, whether the force n be imprefied or 
not; and at the end of the time will be found 
fomewhere in the faid line u d. By the fame man¬ 
ner of arguing, it will at the end of the time be 
found fomewhere in the line c d, which muft of 
conlequence be in that place where they interfed 
each other. Its motion will be in a right line by 
Law I. 

, Corollary .II. 

Hence alfo appears the compofition of a dired 
force a d, (fig. 3.).from any two oblique forces, a b 
and b o, and on the contrary, the refolution of a 
dired force, into any two oblique forces, a b and 
B D. 

The laws of motion being pbvious dedudions 
from the phenomena around us, are confirmed by 

* C 4 every 
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every mechanical effedt we fee produced. In the 
confederation of forces, it is very often convenient 
to regard them as if compounded of two or more 
forces, as will be fhewn in the enfuing fedtion of 

this Book. It is clear, that any given motion or 

* , 

force a o may be produced by any pair out of an 
'indefinite number of pairs of forces that may be com¬ 
pounded together j for example, a c and a b, or a f 
* and a e, or, generally, by any two forces, whofe 
quantity and diredtion may conftitute a parallelo¬ 
gram, having a d for its diagonal. In this parallelo¬ 
gram are fix tilings, namely, the directions of the 

. two compounding forces, and of the compounded 

* 

force, and alfp their refpedtive quantities. And if 
any four of thefe be known, the other two may eafily 
be found, by completing the conftrudtion of the 
figure. 

* 

Corollary III. 

ir The quantity of motion which is obtained by 
taking the fum of the~ motions made in the fame 
direction, or the difference of thofe made in con¬ 
trary directions, is not changed by the mutual addon 
of the bodies. 

For adtion and readtion being equal, by Law III. 
(22, r) will therefore occafion equal changes in 
the motions, but in contrary diredtions. Confe- 
quently, if the motions are both made in die fame 
diqcdtion, whatever is added to the motion of the 
impelled body muft be fubtradted from that of the 
impelling body, and the fum will remain the fame. 

i But 
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But if the bodies meet direCtly, the quantity of mo¬ 
tion deftroyed being equal in each, the difference 
of the motions made in contrary directions will 
l-emain unchanged. 


* 

CHAP. IV. 

OF ATTRACTION, CONSIDERED CHIEFLY AS A ' 
POWER THAT GENERATES MOTION. 

The force which tends to bring bodies to- v 
gethcr, without any hitherto difcoverable im- 
pulfe, is called attraction. Whether the various 
kinds of attraction that fall under our oblervation 
may be referable to one common immediate caufe, 
cannot yet be determined. The third rule of phi- w 
lofophizing (6) authorizes us to reckon it among 
the properties of matter; and whether we fliall ever 
proceed lb far as to difeover, that it is lecondary 
to fome other more remote property muft depend 
on future refearches. It feems clear, however, x 
that it is not deducible from any of the properties 
we have enumerated, (7, b) and confequently that 
all fuppofitions refpeCting the circulation of effluvia, 
are mere words without meaning. 

The feveral kinds of attraction are, the attraction y 
of gravitation, or gravity * the actiaClion of cohe¬ 
sion $ the attraction of combination, or chemical affi¬ 
nity 2 the attraction of magnetifm and the attraction 
of electrified bodies. Whether thefe be modifica¬ 
tions 
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tions of one fimple power produced by variations in 
the figure, drnfity, temperature, or other fecondarjr 
qualities of bodies, is entirely unknown. In this 
place we are to confider only the attraction of gravi¬ 
tation as a power that generates or pioduccs motion. 

z Gravitation is that force by which bodies fall to 
each other. The vicinity of the eaith which ftiongly 
attracts every thing to itfrlfj pt events its effects be¬ 
tween ftnaller bodies fiom appealing; but the 
attraction of the mountain cf Schehaliitn in Scot¬ 
land, upon the ball of a pen lulutn, vns found by a 
verv accurate ft t of obfei various ro be confi ierablc. 

4 

a This puwer is found to ad on all bodies, at any 
given p’acc, precifcly according to the quantify of 
matter in each, which is difcoveied by the vibid- 
tion of pendulums, thus. Let tin two uncquil 
Lodi's a and £ (fig. 4) be fuff ended by tin cads 
of the lame length, and be let fall at the fame time 
from the points, a and *, in the aics ac and 
ig, which are at equal diftances from the two 
loweft points d and h. Then the vibrations of 
each will be pei foi med in equal times, and confe- 
quently the velocities will be equal. Whence the 
quantity of motion in each, being the produCfc of its 
mafs of matter multiplied by its velocity (19, l) 
will be in proportion to the mafs of matter in each. 
But (21, O force producing motion is in pro¬ 
portion to the quantity of motion produced. There¬ 
fore, the force of attraction is in proportion to the 
quantities of matter in bodies. 
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This lifcewife appears in falling bodies, all which n 
beings let go from equal heights, how different fo- 
cver in weight, arrive at the ground in the fame 
lime, that is, with quantities of motion in proper/- - 
tion to their refpe&ive quantities of matter. 

The refinance of the air is not here confidered, 
for, the fake of perfpicuiry, though it very fenfibly 
impedes all motions performed in it. A guinea will . 
arrive at the ground in lefs time than a feather j but 
in the receiver of an air-pump, out of which the air 
is exhaufted, they both fall in the fame time. 

Gravitation acis cn all bodies at all timesj and c 


that equally, whether in motion or at reft, as is evi¬ 
dent from the. velocities of falling bodies, which are 
uniformly accelerated curing the whole of their 
courle. 'I hat a force conftantly and equally acting, d 
will produce an uniform acceleration of velocity/ is 
plain, from the following confiderations. Suppofe 
a body a, begins to move, by the impulfe of gra¬ 
vity imprefled at that inflant, with a velocity ex- 
preffed by the number i, the next inftant another 
impulfe will generate a velocity equal to the former. 

It will therefore move with the velocity 2, and at the * 

**« 

third inftant with the velocity 3, &c« for the preced¬ 
ing velocities are not in any refpedt diminifhed or 
altered by the fucceeding impulfes (21, qJ- If then* 
the impulfes arc equal, a.-J equidifiant in time, the 
generated motion will be uniformly accelerated ; and 
the velocity, which in this cafe may be confidered 
as the motion, for the mafs of matter does not alter. 


* 


Will be in proportion to the time i that is, if the velo- 
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city in $ inftants be exprefled by $, that produced 
in io inftants will be to, &c. This holds good, 

, let the number of impujfcs in a given time be ever fo 
great. Butf themumber muft here be confidcred as 
infinite, for the force ccafes not to a ft for the leaft 
portion of time, and therefore the acceleration con¬ 
tinues uniformly through every part of the motion, 
x The Ipace deferibed by an uniformly accelerated 
motion in a given time, may be conceived to be the. 
fum of an infinite number of fpaces produced by a 
like number of uniformly increafing, velocities. 
Theft: fpaces will be as the velocities by which they 
are deferibed. Therefore, as the fum of the num¬ 
bers exprefling the velocities in any given time is to 
the fum of the numbers exprefling the Velocities in 
any other given time, fo is the fum of the fpaces, or 
whole fpace deferibed in the fit given time, to the 
fum of the Ipaces, or whole Ipace deferibed in the 
other given time. But the fums of the velocities, 
for any terms of time taken from the beginning of the 
motion, are to each other as the fquares of the times, 
p For the times uniformly increafing from the be¬ 
ginning, may be exprefled by the natural feries of 
numbers, i, 2, 3, 4, 5, See. See. The velocities, and * 
alfo the correfpondent fmall fpaces, may be exprefled 
• by the fame fcrics, becaufc they are both in the fame 
ratio of the times. The whole time of deferipdon, or 
the fufh of the inftants, will be denoted by the number 
of terms, or, which is the feme in this feries, by the 
laft term. And the whole fpace deferibed, or fum of 
the fpaces, will be denoted by the fum of the terms. 

:• ' Now, 
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Now, all arithmeticians teach, that twice „thc fum of 
fuch a fcrics is equal to die number of the terms added 
to unity, or i, and multiplied by the laft term. But, 
becaufe the mftants contained in the given time 
have been affumed infinitely fmall, the number of 
terms in the feries will be infinitely great, and con- 
fequently the addition of unity to the number of 
terms will not caufe any finite augmentation. Re- 
jebbing therefore the addition of unity, the double, 
fum of die terms , will be equal to the number of 
terms multiplied by the laft term, or, in this feries, 
to the laft term multiplied by itfeif) that is, the 
fquare of the laft term j and becaufe'halves are as 
their wholes, the fum of the terms will be in the fame 
ratio. But the fum of the terms expreffes the whole 
fpace deferibed, and the laft term denotes either the 
whole time, or the laft acquired velocity. Whence c 
the fpace deferibed from the beginning of an uni¬ 
formly accelerated motion is as the fquare of the 
time, or as the fquare of the laft acquired velocity. 
Which was to be proved. 

If the acceleration ceafe at the end of any given h 
time, the motion will become uniform with the laft 
acquired velocity, and the fpace deferibed in an equal 
term of time will be double that which before was de- 

1 

{bribed from the beginning by the accelerated motion. 
For the fpace deferibed in any ftngle inftant of die 
time by the laft acquired velocity will be exprefied 
by the laft term of the juft mentioned feries: and the 

4 

whole (pace deferibed will bje equal to this fpace 
multiplied by the number of inftants. 'But the time 
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pMaimt>er;of inftants being equal to the preceding 
time of acceleration, will be expreffed by the num¬ 
ber of terms, or, in this feries, by the laft term. The 
fpace deferibed will be therefore expreffed by the 
laft term multiplied by itfelf; that is to fay, it will 
be the double of the * fpace deferibed by the accele- 

•>» y » 

rated motion in an equal time, 
j . When it is faid that a number denotes dny mag¬ 
nitude, it is to be underftood'that the number is. 
part o£ a feries, whofe terms vary in a ratio always 
correfpondenr, or equal to the ratio of the magni¬ 
tudes denoted •, that is to fay, the ratio between any 

two terms of the feries is always equal to the ratio 

* % 

between the two magnitudes that correfpond to 
thofe terms. In this fenfe, any magnitudes, how¬ 
ever unlike, may reprefent each other. Here fol¬ 
lows a geometrical demonstration of the foregoing 
prbpofitions, in which lines are made ufe of in- 
ftead of numbers. 

it In the triangle a b c, fig. 5, let the equal divi- 

* 

lions a, 1, 2, 3, &c. on the fide a b, reprefent equal 
parts of the time of an uniformly accelerated motion. 
Then the parallel lines, 1 d, 2 e, 3 f, &c. may re¬ 
prefent the velocities at the feveral inftants, 1,2, 
3 , &c. for they arc in proportion to the times a r, 
a 2, a 3, &c. And in like ‘ manner for any other 
part of the time as a m, the velocity generated will 

be reprefented by its correfpondent ordinate m n. 

| 

And the fum of the ordinates correfponding with 

• A 

any part of the time will reprefent the funa of the 
velocities. ]§ut die fum.of the ordinates, when taken 

indefinitely 
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indefinitely numerous, may be, conceive4 *to occupy 
the area' contained between the ordinates of the firft 
,and laft inftants of the time. And theft areas, 
when taken from the beginning a, are as the fquares , 
of the times a i, a 2, a 3, &c. or of the velocities 
1 d,^2 e, 3 f, &c. by the property of fimilar figures. 
Therefore the fums of the velocities, and conie- u 
quently the fpaces deferibed in any given terms of 
time taken from the beginning of an uniformly acce¬ 
lerated motion, are to each other as the fquares of - 
the times, or of the lad acquired velocities. Hence m 
it likewift appears, that the fpaces deferibed in equal 
fuccefilve parrs of time, are as the areas contained 
between a and id, 1 d and 2 e, 2 c and 3 f, fire* 
which areas are to each other as the odd numbers 
1 ,3, 5, 7, 9, &c. as appears by infpe&ion from the 
number of equal and fimilar fmall triangles con¬ 
tained in each. 

Again, fuppofe the motion at the end of the time n 
a b to become uniform with the laft acquired velo¬ 
city bc. Complete the parallelogram bd * c, making 
b i) equal to a b, and the ordinates 1 i, 2 k, 3 1, &c. 
will denote velocities, and confequently fpaces de¬ 
feribed. Their fum will exprefs the whole fpace 

1 

deferibed in a lime <*qual to a b, and will be denoted 
by the area b dec.. But this area is equal to twice 
the area abc. Confequently the fpace deferibed o 
by an uniform motion with the laft acquired velo- * 
city, during a time equal to that of the acceleration 
from th? beginning, will be double the fpace de- 
feribed by the accelerated motion. 


It 
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p It may readily be apprehended that an uniformly 
retarded motion is exaCtly the reverfe ofa motion uni¬ 
formly accelerated. For fuppofe a conftant force 
acting againft a body in motion} as for example, 
gravity a&ing againft the motion of a body pro¬ 
jected direftly upwards, it will deftroy an equal part 
of the initial velocity in an equal particle of time. 
Now, if thefe equal deductions be called unities, and 
‘ be fucceflively taken from any number whatfoever, 
till the laft remainder be nothing, it is evident that 
the feries of remainders will be the natural num¬ 
bers 1, a, 3, &c. in a reverfed order, and every 
thing that was proved of the times, fpaces, and 
velocities (a 8, f. 30, k), or of the parts of the 
triangle abc, fig. 5, will be true, mutatis mutandis, 
that is to fay. 

In the fame body in motion, and retarded by a 
conftant and equally aCting force, the fpaces de- 
feribed in coming to reft, are as the fquares of the 
r initial velocities ( 29, o. 31, l), or as, the fquares 
s of the times ‘during which they are deferibed: and 
are equal to half the fpaces, which in an equal time 
would have, been deferibed by their rcfpcCbive initial 
velocities uniformly continued. 


CHAP. 
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CHAP. V. 
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* 

, (OP THE PRODUCTION, COMMUNICATION, OR 

f DESTRUCTION O* MOTION. 

> 

Motion is produced, ddtroycd, or changed r 
in a body, either by the impuUe, collifion or ftrokc of 
another body in morion, or by the force of attraction. 
Repulfion being immediately the contrary to attrac- u 
rion, and not being perhaps fufficiently general and 
univerfai (6) to be admitted as a common property 
of bodies, need not be here confidered. 

We do not know whether the diftindion be- v 
tween impulfe and attraction be real, and exifting in 
the nature of things, or only relative to the imper¬ 
fect ftate of our knowledge. The moft obfervable w 
difference is, that impulfe is a force which aCts from 
place to place, or, in other words, cannot be with¬ 
out morion: but attraction can exert itfelf even 
though no morion is produced. 

To exemplify this, fuppofe two bodies to meet x 
direCUy with equal quantities of motioh; the effect 
of the ftroke will be, that the whole motion will be 
dcftroyed, and the bodies will remain together. The 
forces will Iikewife be dcftroyed, and the bodies may 
be moved apart; each with the fame facility as if the 
other did not cxift. .In this cafe, we have fuppofed 
no attraction to be exerted by them on each other. 
But let it now be fuppofed, that their morion, inftead 
of being uniform, and the confequence of their 
inertia, is produced by a mutual attraction. They 
come together, and the motion is deftroyed as be- 

Voi. I. D fore. 
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• lore. But the force of artra&ion, by which they 
were originally put in motion, remains, and is 
exerted in prefling thtfm againft each other, 
y The fmalleit finite impulfc can overcome the 
greateft finite prefiure. For, v let any prefiure be 
fuppofed to produce acceleration, and the body, 
when in motion, will have more force than when it 
was merely prefled. In its acceleration from reft, it 
xnuft pafs through every poflible velocity left than 
the velocity laft acquired. Let the impelling body 
have a momentum exprefied by the produdt of its 
mafs into its velocity (19, 1.). Whatever produd 
this may be, it is poflible to aflume a period of the 
acceleration of the body prefled, in which its velo¬ 
city Ihall be fo fmall, as that its product into its 
mafs Ihall be dill lefs. And id has already been 
faid, that the force of mere prefliirc is ytt leis than 
this. Confequently, it L kfs than that of the 
impulfe. 

z From this it is infei red, if two bodies, perfedly 
haid, or uryielding, were to ftrike each other with any 
velocity, that they would be broken to pieces, provid¬ 
ed the cohefion of their parts were lefs than infinite. 
a But if the cohefion were infinite, it is prefumed that 
the communication or deftru&ion of motion would 
b be inftantaneous. However, there are no fuch 
bodie? found in nature, and very confidcrable diffi¬ 
culties arife in the abftrad reafoning concerning 
diem. 

c There appears to be the fame relation between 
prellure and momentum as between a line and a 

furfacc. 
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furface. In feme refpedbs,, die firft may be laid to 
generate the latter. Both are capable of increafe or 
diminution) and yet no increafe or diminution of 
the one can produce the other. 

That preflure, which gravity canfes bodies to d 
exert againft any obftacle interpofed between them 
and the earth, is called Weight. We have already 
taken notice of its effect when free to produce an 
uniform acceleration in falling bodies (26, ab c). 

If its r Dwer could Le increafed or diminilhed, it 
would proportionally increafe or diminifh the mo* 
mentaneous velocities and ipaces, (28, e) and confe- 
quendy the whole fpace pa fled through in a given 
time i that is to lay, conftant forces are as the Ipaces s 
palled through by acceleration in a given time, or as 
the laft acquired velocities. 

When the efFeft of any retarding force is confl* f 
dered (31, p), the force will, in a given time, be as 
the whole fpace deferibed during the retardation, till 
the motion is deftroyed, or as the initial velocity. 

Let two accelerating forces be to each other in 
any ratio, the lafl: acquired'velocities will (35, e) be 
in the lame ratio. Imagine the lefs motion to be 
continued till its daft acquired velocity becomes 
equal to that of the other, and the whole time 
(27, d ) will then be to the former time as the greater 
velocity to the lefs, or ipverfely as the forces; that 
is, the times required to produce equal velocities c 
are inverfely as the accelerating forces. But the 
Ipaces deferibed in equal times are as the forces 
(j5» e). Whence the Ipaces deferibed in any other 

Da - times *■ 
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times will be as the forces and the fquares of the 
times (29, c) jointly. But when equal veloci¬ 
ties are produced, the fquares of the times will be 
inverfely, as the fquares of the forces (35, o). 
Therefore the fpaces in this cafe will be as the forces 
direftly, and the fquares of the forces inverfely, or 
h inverfely as the forces j that is, the fpaces palled 
through in producing equal final velocities are in¬ 
verfely as the accelerating forces. 

1 When the effeffc of a retarding force is confidered 
(31, p) the fpaces palled through in deftroying 
motion are inverfely as the retarding forces, when 
the initial velocities are equal. 
k If a body be a&ed upon by a conftant and in¬ 
variable force, and its mafs be either increafed or 
dimmifhed, without altering the force, rile effedl will 
be the fame with refpedt to acceleration, or retarda¬ 
tion, as if the force, without changing the body, 
were diminifhed or increafed in the inverted ratio of 
the mafs. For the force being foppofed invariable, 
will always produce or deftroy the feme quantity of 
motion (21, oj in a given time. This quantity 
will be meafured by the product of the mafs into 
the velocity (19, l). And that this product may 
continue unaltered, it is neceflary that the velocity 
fhould diminilh in the feme proportion as the mafe 
is increafed, and the contrary, 
x. A body impinging with different velocities on* 
tallow, clay, timber, and fomc other fubftanqes, 
penetrates to depths in the feme fubftance which are 
as the fquares of the initial vtlocities. Whence it 

follows* 
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follows, (32, O tliat thefe fubftances oppofc a con* 
ftant and invariable force of tetardation againft the 
motions of given bodies. 

Suppole a; body to impinge on an uniformly re- - 
filling fubftance, if the initial velocity vary only, it 
will penetrate to depths which are as the fquares of 
die velocities (32, < 0 * But if the mais (not magni¬ 
tude) vary only, the conference will be die lame as 
• > • r » 

if the retarding force had varied in the inverted ratio 
of the mais (36, k). And the depths or fpaces will 
be iriverfely as the retarding forces (36,1) or diredtiy 
as the mafies: confequendy, if both the mais and m 
velocity vary, the depths will be in the compound 
ratio of the mafies and the fquares of the velocities. 

The difpgte concerning the meafure of forces, n 
which divided the philofophical world for confi- 
derably more than half a century, was founded on a 
partial conlideration of the effefts of collifion. The o 
queftion agitated was, whether the forces of bodies 
in motion ought to be meafurtd by the mais of 

matter multiplied by the - velocity, or by the mais 

' • 

multiplied by the fquare of die velocity. The for¬ 
mer affirmation was called the old opinion, and the 

latter the new opinion. 

* 

Neither of thefe opinions are fulficiently general p 1 
to apply to every cafe of motion, neither are they 
repugnant to each other* as the contenders for each 
infilled. The chief argument urged by the main- cl 
tamers of the pew opinion was, that fpheres of equal 
magnitude, but of different weights, being let fall 
into tallow, from heights that were inverfeiy as the 

D 3 weights. 
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weights, made: pits of equal depths in the feme. 
Now, faid the difputants, equal caufes, : are thofc 
which produce, equal effects; the forces of *.thcfc 
bodies at their impaft on the tallow muff be equal, 
as being the Caufes of equal elftdfo, namely, the 
pits in the fame fubftance, But the iquarcs of the 
velocities of the impacts arc (J9/0) as the heig!.:s 
from whence the bodies fall, or in this cafe inverfely 
as the weighs of the bodies. Therefore the pro¬ 
duct of each weighs or mafs into the fquare of its 
velocity is equal to the product of the other weight 
Into the fquare of its velocity, when the pits, or, as 

it is affirmed, the forces, are equal. 

• i \ 

a All this is true, when it is confidered as.a mere 
explanation of the meaning of the word force, ' 
which, if underftood and applied in tins fenfe, will 
s not be produ< 5 tive of error. But when the above is 
intended to ferve as a proof that the action of a 
body in motion cannot be meafured by the mala 
multiplied into its, velocity, it becomes ncceffary to 
pbforve, that the pit in the tallow being equal to 
another pat, does pot prove, that they were made by 
t equal powers or forces. For powers cannot be laid to 
be equal, unlefs they produce equal effe&s in equal 
, . times; it being eafy to imagine, that a weaker 
-power continued for a longer time may produce an 
effect equal to that of a power of greater intenfity, 
v though.of kfs duration. And it is evident, that 
thefe pits are not deferibed in equal tames; for they 
are equal to half the fpaces which would have been 
tlefcjibed with, their refpe&ive initial velocities uni- 

' . formly 
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fbrmly continued (32, s) in the rtfpeftrve rimes of 
deicriprion. But the iniriat velocities would de¬ 
scribe fuch equal fpaces in times which are inverfely 
as the velocities chemfelves/ And it has been al- v, 
ready leert, that the refult of tHe prelent experi¬ 
ment is an eafy confequence of the properties^ of 
retarded motion,' confidered jointly with that de¬ 
finition which affirms the force or quantity of 
motion in a body to be as the product of the mafs 
into the velocity (37, m). 

The confideration that moving bodies penetrate w 
obftacles to depths which are as the mafs of the 
body multiplied by the fquare of its velocity, is 
of great ufe in alfnoft every ciroumftanco of this 
kind. It fallows from hence, that the depths to x 
which a body of given magnitude will penetrate 
, into any fubftance, may be varied to infinity, with¬ 
out changing the quantity of morion. For the 
depths will always be greateft when the velocity 
is greateft (37, m); and the quantity of morion, 
or produft of the mafs into the velocity, will not 
be changed, if die mafs be diminilhed proportion* 
ally while the velocity is augmented, and the con¬ 


trary. 

Thus it is fh'ewn, that a fmall hammer, having r ,. 
the fame ftriking furface and quantity of motion, _ 
will do more work at a blow than a large one* 
The driving of nails, or of piles into the earth, 
follows nearly the fame law, though in the inftancc 
of the engine for driving, piles by the fall of a 
weight, nothing (37, oj would be gained by lef* „ 

D 4 fening 
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fening the weight and'railing it higher: becaule, 
from the property of the mechanical engines, the 
heights to which'weights can be raifed in a given 
time are inverfely as their weights, 
z When a body In motion ftrikes another at reft, 
it does not communicate the utmoft quantity of 
motion to this lad, until its whole action has been 
exerted, which, if it penetrates, is not until it has 
either penetrated to its utmoft depth, or palled 
a through. Hence a proje&ile may pafs through an 
obftacle without communicating any conliderable 
quantity of its motion, provided the obftacle be 
conliderably Ids thick than the depth to which the 
projectile muft have penetrated by its whole effort. 
b This is exemplified in a piftol-bullet Ihot againft a 
door fct open, through which it pafles without 
communicating motion enough to overcome the 
friction of the hinges: whereas a large piece of lead, 
having the fame momentum, inftead of penetrating, 
carries the door before it, even though the ftriking 
part be a prominence no larger than the bullet in 
the former cafe. 

c The different effeCts of motion, according as the 
velocity is greater or lels, is Ihewn likewife in die 
. vulgar experiment of breaking a flick, whole ends 
reft on two wine glaffes. Fig. 6. Let the two 
winc-glaffcs a, q, be filled, and let the ftick a c be 
placed with its ends refting on the two inner edges, 
as in the figure, Then* if a quick blow be (truck 
* downwards, on the middle part b, the ftick will be 
broken alunder* without difturbing either the glafies 
4 ' or 
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or their contents. In this experiment the two pieces 
a b, bc, are made to revolve on the points e and d, 
fo that the points a and c rife up inftead of prefling 
the edges of the grades. On this account, if the 
blow at b be ftipck underneath ieftead of above the. 
flick, the glafles will be broken. 

That power or property by which a body re- d 
covers its figure, after it has been changed by any 
external ad ion, is called elaflicity. 

If a body ftrike another at reft, and one or both £ 
of them yield inwards, or change their figure, the 
latter body will gradually, during the time of 
change, pafs through every poflible velocity from 
reft or nothing, to that which is exprefled by divid¬ 
ing the quantity of motion in the ftriking body by 
the fum of the two bodies (19, l 24, v) } at 

which laft inftant both bodies will have the fame 

# , 

velocity, and will proceed uniformly together, pro¬ 
vided neither be claftic. 

But if both bodies be perfedly elaftic, they will f 
yield inwards, and the gradual change of velocity 
will obtain as before, rill the inftant of the utmoft 
yielding, at which time both will have the fame 
velocity. But the elaflicity being fuppofed per fed, 
both bodies will recover their figure with a force . 
equal to that by which it was changed. The ac¬ 
tion of the elaftic force being contrary to that of the 
former ftroke, will caufe the two bodies to fepa- 

ratc with the fame relative velocity as they before 

% 

came together. That is to fay, the ftriking body 
will lofe twice as much motion as it would have 

loft 
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loft by a fimilar collilion without: elafticity, and 
‘the body ftruck will in like manner gain twice a* 
much. Confequently the ftriking body, after the 
collifion, will either proceed forward, remain at 
reft, or be refledted back, according as its mais is 
greater, equal to, or Ids than that of the body 
ftruck. 

h The experimental methods of illuftrating the 
theorems relating to motion have been made, for • 
the moft part, on pendulous bodies, or on bodies 
let fall, either along inclined planes, or in the 

I open air. Mr. John Whitehurft, F. R.S. has 
contrived an inftrumcnt: for meafuring the time a 
body employs in falling through a given Ipace. Its 

t * • 

chief advantage confifts in meafuring, to an accu¬ 
racy, confiderably beyond the reach of the fenfes. 
The fenfe can with difficulty divide a lecond into 
twelve parts fo as to reckon them: but this in- 
ftrument divides it into one hundred. A hand or 
index, conne&ed with wheel work, is made to re¬ 
volve uniformly in a circle divided into one hundred 
equal parts, each revolution being performed in one 
lecond. The regulator of the motion is a fly, 
whole leaves may be fet lb as to difplace a greater 

• or Ids quantity of air, accordingly as the inftru- 
ment is required to go flower or 'lifter; or the lame 
adjuftment may be more accurately obtained by al¬ 
tering the weight that gives motion to the wheels. 
By the conftru&ion of the inftrumcnt the body is let 
go at the beginning of a revolution, and at the end of 
its fall it ftrikes another part of the mechanilm, that 
ifc&antly flops the hand, or index. 


Mr. 
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. Mr. G. Atwood* F. R. S. has invented an in- k 

ftrument for meafuring the fpaces pafled through 
in a given time by a body in motion, whether that 
motion be accelerated, retarded, or uniform. It 
confifts of two cylindrical boxes, fufpended at the ' 
ends of a fine filk line that paifes over a wheel or 
pulley. The axis of the pulley reds on the cir¬ 
cumferences of four other wheels, fo that the efledt 
of fri&ion is fcarcely fenfible. If the tw6 boxes be 
equally loaded, the weight of the one will counter- 
poife or deltroy the effedfc of the gravity of the 
other. The two boxes with their contents, toge¬ 
ther with part of the pulley, may, in this cafe, be 
confidered as compofing a mafs void of gravity. 
Let any weight be added to one of the boxes, and as 
fhis weight is at liberty to move, it will be uniformly 
accelerated by the conftant adtion of gravity (27, 
d) : but by the conftrudtion of the inftrument, it 
mud give an equal velocity to the whole mafs be¬ 
fore mentioned, which, therefore, may be faid to 
be an increafe of its mafs, while the moving force 
remains conftant. The fpaces pafled through in a 
given time by the body will, therefore, be to the 
fpaces it would have pafled alone by the fame addon 
pf gravity, (36, k. 35, e) as its own mafs or 
weight is to the whole mafs in motion. By this 
itappy contrivance, the fpaces pafled through by 

acceleration or otherwife, in a given time, are ren- 

* 

dered fliort, and eafy> to be obferved with prcci- 
fion. For this intention there is a chronometer 
beating feconds added to the inftrument, and a 
graduated rule near one of die boxes, with a 

* moveable 
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moveable ftage, to limit or terminate the mo¬ 
tion*. 


CHAP. VI. 

OF THE ATTRACTION OF COHESION, AND Ot 

SPECIFIC ATTRACTIONS. 


L The attraction of cohefion is that force by 
which bodies or their particles adhere to each 
other. 

m, It is demonftratrd, that if the forces by which 
the particles of bodies tend towards each other de¬ 
crease in the proportion of the fquares of their 
di(lances, the attractive force of two fpheres com- 
pofed of fuch particles, will be governed by the 
. fame law 3 relation being had to the diftances of 
their centers: and confequendy, it will not be 
fenfibly greater when they are in contaCl, than when 
n they are at a fmall diftance from each other. But 
• if the firft mentioned forces decreafc in the pro¬ 
portion of the cubes of their diftances, or in any 
greater proportion, the latter will decreafe after a 

much higher rate, and the bodies, when in con- 

\ 

* This inftrument, and its various ufes, are deferibed at large 
by the inventor, in “ A Treatifc on the rectilinear notion and 
“ rotation of bodies.” 

taft. 
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ta&, will attract each other very much more for- y 
dbly than when feparated at the lead didance from 
each other *. 

The firft of thefe attractions is gravity, as is o 
evinced by its aCtion on the planetary bodies, and 
the latter appears to be the attraction of cohefion, p 
for its force is vaftly lefs at the lead didance, than at 
the place of contaft'. 

In confequence of this law, feveral deductions 
are made, which are found to agree with the phe¬ 
nomena of this latter kind of attraction, as. 

Thole particles which are poflefTed of large fur- 
faces of contaCt, adhere mod drongly together, and 
form bodies which are called hard. 

Thofe particles which touch each other in few r 
points, compofe bodies which are foft or fluid, on 
account of the frnall force with which their parts 
adhere together. 

And hence probably the eladicity of fome bodies s 
may be explained j for it feems to depend on the 
cohefive force which redores the particles to their 
fird relative fituation, when by any external im- 
pulfe, they have been removed to a very fmall 
didance from each other. • 

Many difeoveries 'remain for the indudry of fu- t 
ture philofophcrs to make concerning this very 
powerful agent in nature. 

By this power the drops of all fluids aflume a v 
round form, and polifhed plates of metal adhere 


* Pnncipia I. 76.*—I. 86. 


together 
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together with a prodigious force. This laft is exem- 
v plified by paring a fmall pare froth each of two 
leaden bullets, and prefling the furfaces together s 
in which cafe, with a furface of contact not ex¬ 
ceeding the twentieth part of a fquare inch, it will 
frequently require the force of loolb. to leparate 
them. 

yr By this power alio it is, that liquids rife inro 
the fubftancc- of bread, fponge, and other porous 
bodies; and'fare fuftained in open capillary tubes, 
a confiderable height above the level. This height 
is in the reciprocal proportion of the diameters of 
the tubes. 

x Two plain gkfs plates, fig. 7. touching each other 

at the line a b, and feparated at c d, by a fmall 

% * » 

obftacle k, being placed in the veficl of water 
efgh, the water rifes be.ween them to the line 
& 1 a, which is an hyperbola. 

Let two plain glafs plates abcd, fig. 8, be lightly 
moiftened with oil of oranges,, and placed one upon 
die other, lo as to touch at the line a b, being kept 
feparate at c o, by the fmall obftacle l interpofed. 
In this fituation let them be placed in the horizontal 
box, etch, the part c 9 refting on its bottom, 
and the other part towards ab, refting on the 
* upper end of the perpendicular ferew ik, which 
is fixed in the box for the purpofe of raifing the 
plates to any defined angle of elevation. Then a 
drop, of the above mentioned oil being applied in 
the opening cd, will be attracted by the two 
plates, and will proceed with an accelerated mo- 
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tion towards as, if the plates are kept in an hori¬ 
zontal pofition. But if the end ab be railed by 
means of the (crew, to a confiderable angle, the 
drop will remain fufpended in its courfe fomewhere 
between c d and a b, fuppofe at n, and if the ele¬ 
vation be encreafed, it will return towards c d, its 
weight overpowering the attraction of the plates. 

Now, fince the weight of the drop continues 
unaltered, it will not be difficult to find its ten¬ 
dency to return, or that part of its weight which 
is exerted in the inclined defcent. For the pro¬ 
portion between that part and the whole, is as the 
height of the plane to its length, as will hereafter 
be (hewn. And fince the two powers, namely, 
the attraClion by which the drop tends upwards, 
and that part of its weight which is exerted in the 
contrary direction, are equal when it remains fuf¬ 
pended, the meafure or quantity of the one will 
exprefs the meafure or quantity of the other. By 
theft means it is eafy to determine the attractive 
force j which is found to increafe in the reciprocal 
proportion of the (quares of the diftances of the 
middle of the drop, from the end where the plates 
are in contaCt. That is, Amply in a reciprocal 
proportion, becaufo the drop enlarges its furface 
as the fpace becomes narrower; and again, fimply 
in a reciprocal proportion, becaufe the attraction 
increafes, the nearer the plates, approach each 
other. 

This cohefive attraction extends to an extremely 
fmall diftance from bodies, and where its power 
3 ter- 
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terminates, repulfion takes place, of which we (hall 
fubjoin a few inftances. 

a Ail hard bodies require a confide rtable force tx> 
bring them into contact, as appears by comprefiing 
a convex lens and plane glafs together, which ex¬ 
hibit different appearances at the very point of fup- 
pofed contact, according to the different degrees of 
compreffion. This is likewife (hewn from the paf- 
fage of the eledtric matter through metallic chains. 
Of which more hereafter; 

b When it rains on the furface of a veflel of water, 
fmall drops may frequently be feen running in all 
directions, which do not mix with the reft of the 
water for feveral feconds. 

c Hence likewife it is, that a body fpecifically hea¬ 
vier than any fluid may be made to fwim on its fur- 
face; for, if a quantity of the fluid be difplaced by the 
repulfion equal in weight to the folid, it will not fink. 

d Dry needles or thin plates of metal fwim on 
water, and form cavities of a curve lined form, ex¬ 
tending to a confiderablc distance from the body. 

e Let a c b, fig. 9. rep refen t the feCtion of a veflel 
of toater, on whole fiirface a b is laid two circular 
plates of tinfoil, on each of which is placed a fmall 
curtain ring, or fome fuch body, to encreafc its 
weight, and caufe it to fink farther beneath the 
furface. By this means they may form two cavities 
about one-tenth of an inch deep, and extending half 
an inch every way from the circumferences of the 
plates. If they are brought within the diftancc of an 
inch from each other, they will rufh together with 
an accelerated motion. 

« Things 
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Thing s-remaining as in the laft experiment, let f 
b and e, fig. io, be two pieces of wet cork of the 
fame dimenfions; the water then, by adhering to. 
their fides, may form a curve lined protuberance, 
extending about half an inch from their circumfe¬ 
rences, and when they are brought within an inch of 
each other, they will rufh together as before. 

Thefe appearances are eafily accounted for, by c 
confidering, that adtion and reaction are equal. The 
plate of tinfoil, by its repulfion, adts on the water, 
and prevents its filling the cavity, and the water by 
its weight readb on the plate; but as this readlion is 
the fame on all fides, no motion is produced. But 
when the two plates approach each other near 
enough to unite their repulfive adtions, the weight 
of the water between them being diminifhed by the 
depreflion, its reaction is lefs than that which pre¬ 
vails on the oppofite parts of the circumferences: 
confequently they move in the direction of the greater 
pre/Turc, that is, towards each other. • 

In the latter cafe, the reaction is in a contrary tf 
direction, being oppofed to an attradtive, inftead of 
a repulfive force: for the reaction of the water en¬ 
deavouring on all fides to return to its level, pro¬ 
duces no motion, becaufe its height is the fame at 
equal diftances all round. But when the two attrac¬ 
tive powers are, by bringing the bodies nearer, made 
to adt on the fan\e water between them, it is railed 
higher above the common furface, and confequently 
readts more ftrongly on that fide; whence the bodies 
Vjp.,.1. E rufh 
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rufli together, as in the former cafe. A depreffion ^ 
of the furface between the two corks will, by di- 
minifhing the quantity of water, occafion them to 
recede from each other. 

t It is not yet decided whether the attraftion of 
cohelion, or the power by which bodies retain the 

aggregation of their parts, be one and the fame with 

, \ » 

the attra&ion of combination, or chemical affinity. 

1 i 

But as far as experiment has yet extended on this 
.fubjett, there is reaion to believe that they are the 
effe&s of different powers. 

k. When the rational method of philofophizing from 

r 

obfervation and experiment was lefs known and 

efteemed than it is at prefent, many objettions were 

made to the admitting attraction as a general cadi*. 

Among others, it was fail! to be a revival of the 

trifling philofophy of occult cur.fes. But nothing 

can be more ineonfiflent and ablurd than to compare 

that philofophy, which deduces. general laws from 

* 

'the-obfervation of phenomena, with the compen¬ 
dious method that vanity has invented to difguiie or 
^conceal human. ignorance, by referring particular 
fafts to occult caufes. The laws of motion, the ex¬ 
tension, the inertia, the refinance, and the attraction 
of matter, are deduced in the fame manner j and if 
the caufes of thefe be occult or unknown, it is not 
that philofophers are unvrilhng, but becaufe they 
have not yet been able to difeover them, or becaufe 
fojne of them are, perhaps too, fo fimple, as to be re-^ 
' infeed to any other caufes which our fenfes are adapted 
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to difcern. Nothing, however, can be clearer, than 
that the exifter.ee of an agent or caufe may be known, 
though it may itfelf arife from fomc prior caufe of 
which we are ignorant; and it is enough that at¬ 
traction really exifts and aCls according to eftablilhed 
Jaws, to juilify pbilofophcrs in admitting it in their 
explication of natural appearances* 
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SECT. II. 

Of Bodies in Motion. 


CHAP. I. 

OF THE MECHANICAL POWERS. 

When two heavy bodies or weights are made l 
by any contrivance to aft againft each other, fo 
as mutually to prevent each other from being put 
into motion by gravity, they are faid to be in equi- 
librio; The fame exprefiion is ufed with refpcft to 
other forces, which mutually prevent each other 
from producing motion. 

Any force may be compared with gravity, con- m 
ftdered as a ftandard. Weight is the aftion of gra¬ 
vity on a given mafs (35, d). Whatever therefore 
is proved concerning the weights of bodies will be 
true in like circumftanecs of other forces. 

Weights are fuppofed to aft in lines of direftion n 
parallel to each other. In faft, thefe lines are direfted 
to the center of the earth, but the angle formed 
between any two of them within the fpace occupied 

by a mechanical engine is fo fmall, that the largeft 

E 7 and 
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and moft accurate aftronomical inflruments are 
fcarcely capable of exhibiting it. 
o The fimpldl of thofe inflruments, by means of 
which weights* or forced are made to aifl in oppofi- 
tion to each outer, arc uiually termed Mechanical 
Powers. Their names are, the Lever, the Axis and 


p 


Wheel, the Pulley or i'acMc, the inclined Plane, 
the Wedge, and the Screw. 

In the theoretical confiietation of their Ample 


inflrumenu-, die p*rt. they are comp ded of ate 
imagine 1 c*r Inppofeu to pofK "* no odur pioputits 
thin thole \*hieh conduce ti the pii.pofe of tl,r 
conilrudtion. Tlim, they aie ,ul Jup, odd to be 
without weight or ii*ertia, an I to move with ml 
frnlion. Many of tnefe puts are ».„i»n ro be 
m'thematical lines, ionic » ufcctly it flexible, . nd 
Citheis perfvdlly flexible, rtprcfcnr.pg j'.p.s. And 
thefe luppofuions :»c allowable, beeaufe the) imply 
ti tiling more than thil die rcaionings ieLte only to 
abfuavi iOtionscu pufeci iniliuments; audit i'» con¬ 
ic (]Ov.iitly no iiioie to be urged that thwie are no 
pcifeft iiultuinent', than that there are no perfect 
in.ihemati'al figures, at lr.dl that i'cnfe is able to 
dlft over oi diflinguifh. b\,i tlitr difference between 
theory and practice is in fume cafes inconfideiable, 
and may in general be allo.wvd for without much 
difficulty, fiom the general principles of mechanic , 
when once eftablifheJ. 


CJIAP. 
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CHAP.' II. 

<• 

OF THE LhVER. 

I 

* ' 

The lever Is defined to be. a moveable and in- 
flexible line, afted upon by three forces, the middle 
one of which is contrary in direction to the other 
two. 

One of thefe forces is ufualty produced by the R 
reaction of a fixed bodv, called the fulcrum. 

Let a c ( s fi". u) reprefent an horizontal lever at s 
reft. At the point n, equidiflant from a and c, is 
placed the fulcrum u, and at the extremities a and 
c are hung the equal weights z and f. Then the 
lever will continue at reft, the weights z and f 
being in equilibrio. For it is evident, that if the 
line a c be moved on the fulcrum is, its extremities 
a and c will each be carried with equal velocities in 
the periphery of the fame circle. And bccnnfe a c is 
horizontal, the adlions of the weights ef will be in 
diredlion at right angles to its length: that is to lav, 
they will act in the direction of tangents to the faid 
circle at the points a and c; or they will a<5t in the 
dire&ion of thole particles of the periphery, which 
may be imagined to coincide with the tangents. 
Each preffure therefore tends to move the corrc- 
fpondent extremity of the line a c in that very line 
of direflion in which only ir can move. Suppofe 
the preffure at c to be removed, and the whole 
preffure at a will be employed in depreffing the 
point a, or, which is neceffarily in this cafe the 

E 4 fame. 
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fame, in railing the point c: on account therefore 
of the equal velocities of the points a and c, die 
action of e at the point a will be the feme as if 
it were exerted at c in the direction of the tangent 
c o. But again, fuppofe the equal weight f to be 
jreftored, and the point c will then be aCted on by 
two equal and oppofite forces, which, deftroying 
each other’s effeCt, will not produce motion; con- 
fequently the lever will continue at reft. 

t It is likewife evident, that if die radii a b and h c 
* be not in a right line, the equal forces will never- 
thelefs be in equilibiio, if they be applied in the 
directions of the tangents : thus, if b c be bent to 
the pofition b k, and the force f be there applied in 
the direction k. h, the equilibrium will remain as 
before. 

u If two contrary forces be applied to a lever at 
unequal diftances from the fulcrum, they will' equi¬ 
ponderate when the forces are to each other in the 
reciprocal proportion of their diftances. For, 

v Let ac (fig. 12) reprefent a-iever, whofe radius 
ab is three times as long as bc. At a is fuf- 
pended the weight e of one pound, and at c is 
fufpended the weight f of three pounds. Then, I 
fey, thefe weights will equiponderate. With the 
radius b a deferibe the arc a k, interfering c f at k. 
Draw the line b k, which may reprefent another 
arm to.the lever} and it will be evidently of no 
confequence, whether the thread c f be fattened at 
cor Kj conceive it therefore, to be fattened at k, 
and to aCt on the arm bk. Let a a reprefent the 
force of £, and k. f, being three tifnes as long, w.ill 

reprefent 
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reprefent the force of r. This force r f may be 
refolvcd (23, t) into two others, ki in the direc¬ 
tion of b k, and k h in the direction of the tangent, 
and their quantities are determined by drawing the 
lines f h and f i, parallel refpedivcly to k i and k. h. 
Now, k 1 has no effect in moving the arm il It 
is the force ft h alone that tends to produce motion 
towards h. The triangles bck and r h f are limi- 
lar, therefore, ik:bc: : r f : k h. But bk:bc, 
as 3 to 1, whence the force kh is \ of kf, as is 
likewife a g by the condition. Confequently h k 1 
and a c are equal, and being applied at the end of 
equal arms a b, b k, will be in equilibrio (56, t), 
which was to be proved j and the conclufion will be 
the fame, when the weights are to each other in any 
other ratio,, provided the arms of the lever a b and 
$ c be reciprocally in the fame proportion. 

By the refolution of force it appears, that if two w 
contrary forces be applied to a ftrait lever at diftan- 
Ces from the fulcrum in the reciprocal proportion 
of their quantities, and in diregions always parallel 
to each other j the lever will remain at reft in any 
pofition. 

For, let the forces, ae, c f (fig. 13) be refolved: jc 
a e into c e parallel, and g a perpendicular to a c j 
and c f into h f parallel, and c h perpendicular to • 
ACj and the forces, which tend to produce motion, 
will in all poficions be to each other in the ratio of 
the forces applied; i.e. ae:cf::ac.:ch, the 
triangles ace and chf being fimilar. 

Many 
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y Many curious and ufcful effects may be produced 
by levers, whole arms are bent into an angle ; b« it 
the limits of this work do not permit us to enlarge 
upon them. 

z It is evident, that all which has been laid concern¬ 
ing the levef is equally true, when the contrary 
forces are applied on the lame fide of the fulcrum. 
a On the lever a b, (fig. 14) if the weight of one 
pound be applied at a, and the weight f ot three 
pounds at c, fo that their difirances a b and c n, from 
* the fulcrum b, may be as three to one, they will 
equiponderate i which is proved by applying the 
reafoning at fig. 12 to the prdent figure. 

2 Since, of the three fjrces which a£t on a lever, 
the two which are applied at the extremea are always 
in a contrary direction to riv." which i:; applied in 
the fpace between them; this lift force v.ill fuf- 
tain the effects of the ether two : or in other words, 
if the fulcrum be placed between the weights, ic will 
- be a&ed upon bv, or will fuftain their lum; but if the 
weights are on the lame fide of tlte fulcrum, ic will be 
afted upon by their difference, 
c On the principle of the lever are made, feales for 
weighing different quantities of various kinds of 
fubftancesj the fteclvard, which anfwers the fame 
purpofe by a fingle weight, removed to diffe¬ 
rent diftances from the fulcrum on a graduated 
arm, according - as the body to be weighed is more 
or lefs in quantity; and the bent lever balance, 
which, by the revolution of a fixed weight, increaf- 
ing in power as it afeends in the arc of a circle, 
3 indicates 
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indicates the weight of the counterpoife. a b c 
(fig. 15) is a bent lever, fupported on its axis or . 
fulcrum jj in the pillar j h. At a is fufpended the 
fcale e, and at c is affixed a weight: draw the hori¬ 
zontal line kg through the - fulcrum, on which, 
from a and c, let fall the perpendiculars a k and' 
cd; then if n re and b d are reciprocally in propor¬ 
tion to the weights at a and c, they will be in equi- 
librio, but if not, the weight e will move along the 
arc f o, rill that ratio is obtained. It ; s eafy to gra¬ 
duate the plate fg fo as to exprefs the weight iu e 
by the pofition of c. 

The beam of the common balance is ufually a bent £ 
lever, with equal arms. Its property of coming to 
reft in an horizontal pofition, when the extremes are 
equally loaded, is a confequence of its being bent, or, 
which is the fame thing, of its fulcrum being above 
the line, joining the two points on which the leaks 

are fufpended. For it is evident, (fig. 16) that there 

% * 

is bur one pofition in which the lengths of the arms 
a b, r. c, referred to the horizontal line n e, can be 
equal, and that is when the points a and c are on 
the fame level. 

Balances that move with very little friction on the ; 
fulcrum, and are exactly equibrachial, are highly 
valued. But this laft_property is of Ids importance 
than is commonly imagined. For, if two balances 
be equally fenfible, and one of them not equibra¬ 
chial, it is certain, that if the fiandard weight be 
placed in one of the feales of this laft, and counter- 
ppifed, and the ftandard weight be afterwards re¬ 
moved. 
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moved, any other body fubfti tilted in its place will 
. have exa&ly the fame mats, if it be in equilibrio 
with the counterpoife. In fad, this is the be ft method 
of weighing, when great accuracy is required. Or if 
the weights be always put into one fcale and the 
quantities into the other, thefe laft will be propor¬ 
tionally true among each other, which is quite 
fufticient in all philofophical experiments, 
c On this principle alfo depends the motions of 
animals, the overturning or lifting great weights 
by means of iron levers called crows, the a&ion of 
nutcrackers, pincers, and many other inftruments 
of the fame nature. 

CHAP. III. 

OF THE AXIS AND WHEEL, AND OF THE PULLEY 

OR TACKLE. 

h The axis and wheel may be confidered as a 
lever, one of the forces being applied at the cir¬ 
cumference of the axis, and the other at the cir¬ 
cumference of the wheel, the central line of the 
axis being as it were the fulcrum. Fig. 17 is 
a perfpe&ive view of the inftrument, and fig. 18 
is a fe&ion of the fame at right angles to the 
axis. Then, if a b, the fen^diameter of the axis, 
be to b c, the femidiameter of the wheel, recipro¬ 
cally as the power e is to the power f, the firft of 
which is applied in the dire&ion of die tangent of 
the axis, and the other in the direction of the 
tangent of the wheel, they will be in equilibrio 

(56, .u). 
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(56, u). For a c may be conceived to be a lever, 
whole fulcrum is b, and whole forces applied at 

a and c are in the reciprocal proportion of their 
diftances. 

To this power may be referred the capftan or t 
crane, by which weights are raifed, the winch and 
barrel, for drawing water out of wells, and num- 
berlefs other machines on the lame principle. 

The pulley is likewife explained on the prin- k. 
ciple of^Khe lever. The line a c (fig. 19) may 
be conceived to be a lever, whofe arms a b and b c 
are equidillant from the fulcrum b. Confequently 

the two equal powers e and f, applied in the di¬ 
rections of the tangents to the circle in which the 
extremities are moveable, will be in equilibrio 
(55, s). And the fulcrum b will fuftain both 
forces (58, b). 

But in fig. 20 the fulcrum is at c, therefore a l 
given force at e will fuftain in equilibrio a double 
force at f, for in that proportion reciprocally are 
their diftances from the fulcrum (56, u; 58, z). 
Whence it appears, that confidering e as a force, m 
and f as a weight to be raifed, no increafe of power' 
is gained when the pulley is fixed, as in fig. 19; 
but that a double increafe of power is gained when 
the pulley moves with the weight (fig. 20). 

A combination of pulleys is called a tackle, and n 

■ 

a box containing one or more pulleys, is called a 
block. 

ad b (fig. ai) is a tackle compofed of four pul- o 
Iey^j two of which are in the fixed block a, and 

the 
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the other two in the block b that moves with the 
p weight f. Now, becaufe the rope is equally 
ftretched throughout, each lower pulley will be 

adted upon by an equal part of the weight: and, 
becaufe in each pulley that moves with the weight 
a double increafe of power is gained; the force 
by which f may be iuftained will be equal to half 
the weight divided by the number of lower pulleys. 
That is, as twice the number of lower pulleys is to 
j, Co is the weight fufpenued to the Appending 
force. 

But if the extremity c (fig. 22) be affixed to the 
lower block, it will fi;slain half as much as a 
pulley; confequcntly the analogy will then be, as 
twice flic number of lower pulleys, more 1 is to r, 
fo is the weight fufpended to ti.o fufpending force. 

It is for the molt part more convenient to form 
tackles with blocks of the form exhibited in fig. 23. 
r This reafoning depends on the equal tenfion of 
the rope, and is therefore concltifive only when the 
tackle is wrought by a ffngle rope. In the fyftem 
of pulleys (fig. 24) the power increafes in a 
geometrical feries, whofe common ratio is 2, and 
number of terms equal to the number of pulleys. 
Thus, if a force be applied at a, it will be adted 
upon by half the weight F; if at b, by 4 ; if at 
c, by 4; and if at d, by -rV *• -&C. The reafon of 
which is evident from what has been already faid. 
s It is evident, that in the compofition ftf forces, 
the force produced is lefs than the fum of the com¬ 
pounding forces; a d (fig. 3) being always lefs 

than 
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than the fum of a c and a b. On the contrary, in 
the refoiution of force, a gain of force is produced, 
which is exemplified in the following inftance: 

The rope e a c e f (fig. 15) is pafled over the t 
pulleys a and b, and under the pulley c. Equal 
weights are fufpended at e and f, whofe actions on 
c may be re prefen ted by the equal lines c j and 
c ir. Thefe forces compounded give c d, which 
will exprefs the force exerted by the two weights 
s and f, tending to move c in the dire&ion of the 
perpendicular, and is lefs than tire fum of c j and 
c h. Confequently a weight g being applied at c, 
whofe quantity is lef> chan the whole quantity of e 
and f in the lame proportion, will fuftain their 
cffe&s, and remain in equilibrio. Therefore, if 
we confider e and f, as producing by compofition 
a force equal to g, a lofs of force enfues; and on 
the other hand, if « be confidered 3s producing 
forces by refoiution equal to e and f, an incrcafe 
of force is acquired. 

The quantity of this incrcafe or diminution is u 
readily determined thus. 

From j let fall the perpendicular j k upon c d, 
then c k. will be the half of c d. And j c is half 
the fum of j c and c h. Now, as the whole of 
that fum is to c d, fo is the fum of the weights e 
and f to the weight c (for they refpe&ively repre- 
fent the forces of thofe weights) and fo is j c to 
c k. But j c is the fecant of the angle formed be¬ 
tween the rope a c and the perpendicular c o, 
the line c k being radius. Therefore, as the fe¬ 
cant 
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cant of* the angle formed between one of the ropes 
and the perpendicular is to radius, fo is the fum 
of the weights e and f to the weight o. 
v Hence it follows, that the general deduftion, 
concerning pulleys and weights are only true when 
the ropes are parallel. 

The pulley or tackle is of fuch general utility, 
that it is needlefs to point out any particular in- 
fiance. 


CHAP. IV. 

OF THE INCLINED PLANE, AND OF THE WEDGE. 

% 

w The inclined plane has in its cffefls a near 
analogy to the lever. Let a b be an horizontal 
plane on which the weight e i* placed, and let e d 
reprefent the force exerted by the weight, a b may 
alfo be conceived to aft as the arm of a lever, whofc 
fulcrum is a. Let this lever revolve on its fulcrum 
from b to c, then the weight e will be found at e, and 
will aft on the plane a c with an oblique force e d, 
equal and parallel to e d. Refolve e d into c b per¬ 
pendicular, and b d parallel to a c, and the force e b 
will be deftroyed by the reaftion of the plane. With 
the other force b d, the weight will proceed with 
.x an accelerated motion towards a. Whence it may 
be obferved, that the inclined plane, afting Sgainft 
c in the manner of a lever, deftroys that force 
which is exerted in the direftion of the tangent of 
its line of motion, and that the afting force in this 
inftroment is that which in treating of the lever 
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>vas rejefted (56, v), as having no effeft. The y 
force with which any weight on an inclined plane 
tends downwards in the direction of the plane, is 
to the weight itfelfi as b d to d e. Or as e f to 
a e, which is the ratio of the height of the plane 
to its length, becaufe the triangles bed and f e a 
are fimilar. But e f is to a e as the fine of the 
angle the inclined plane makes with the horizon is 
to radius. See fig. 26. Therefore, as the laid fine z 
is to radius, fo is the force tending downwards in 
the direction of the plane to the weight. And be¬ 
caufe radius is a conftant quantity, the forces by 
which the lame w-eight tends downwards in the 
directions of various planes will be as the fines of 
their inclinations. 

This instrument is not much ufed in its fimple 
form. 

If it be required to fhew what force in the di-. a 
reClion e p parallel to a b (fig. 27) will fullain the 
weight e in equilibrio. Set off e m equal to b d, 
which will reprefent its force or tendency in the 
direction of the plane, and equal, but on the con¬ 
trary fide, let off e n, which will reprefent the force 
that, applied in the oppofite direction, will Curtain 
the weight in‘equilibrio. Draw n p perpendicular 
to a c and e p parallel tp a b, interfering n p in p, 
e p will be the force required j for it is compofed 
of e n and n p» and n p being perpendicular to the di¬ 
rection of the tendency of e avails nothing. Join p d 
and this laft found force is to the whole weight of e, b 
as p e to e d, or as e f to f a, which is the ratio of 

VioL. 1. F the 
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die perpendicular height of the plane to its hori¬ 
zontal bale, for the triangles p e d and e f a are fi- 
milar*. And fince aCtion and reaction are equal, 
and in contrary directions (a2, a), it is evident that 
the fame force e p, which fuftains e on the fixed 
inclined plane cab, applied in the contrary direction 
would, if the plane be- fuppofed moveable in the 
direction of its bafe a b, and the body e fixed by 
the application of an obftacle q r, fuftain the effort 
with which the laid bc^y tends to impel the plane 
from e towards p. 

The wedge is compofed of two inclined planes 
joined together at their common bafe, in the direc¬ 
tion of which the power is imprefled. 

Let abc (fig. 28) reprelcnt, a wedge, whofe 
vertex a is inferred between the two bodies d and 
e, which being fixed in pofirion, refill in a cer¬ 
tain degree any force which tends to feparate them. 
This refiftance ofually is, like the weight in the in¬ 
clined plane, perpendicular to the bafe a f, and 
die power, or force employed to overcome it, is 

• The fimilarlty of thefc triangles not being obvioufly 
deducible is proved that: 

Prolong p e and d m till they meet in t ; and the right 
angled' triangle m s e will be equal and fimilar to the tri¬ 
angle n p e, s e being equal to e p. 

The triangles icd, p e d have the two tides s e, e p equal, 
the fide c d common to both, and the included angles ted, 
p e d are both right angles. Confequently the triangles are 
equal and alike in all refpedts. Euclid I. 4. 

But it is catily ihewn, that the triangle s e d is fimilar to 
tire triangle e f a, and fo likewife rauft p e d. - 

imprefled 

4ft 
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impreflfed its Was juft mentioned* in the dire&ion 
of the faid bafe. Therefore, by the property of 
. the inclined plane* the force required to keep one 
half c f a of the wedge in equilibrio with the pref- 
fure of the body d, is to that prefliire as c f to - 
F a. But as the prefliire on the other half of the 
wedge afts with equal efledt, a double force will be 
required to prelerve the equilibrium, that is, a 
force as c b to f a. Or, in general term£ in any f 
wedge, as the line c b, joining the two equal Tides 
a b and a c, is to the diftance between the vertex 
a, and the middle point f of c b, To is the force 
imprefled to the refiftance in d and e. 

This inftrument is commonly ufed in cleaving o 
wood, and was formerly applied in engines for 
ftamping watch-plates. The force imprefled is 
commonly a blow, which is found to be much more 
cffettual than a weight or prefliire. This diffe¬ 
rence is ufually accounted for, by fuppofing that 
the tremulous motion produced by the ftroke, con- 
fiderably diminifhes the very great fridtion at the 
Tides. But there is no doubt, that it is chiefly re¬ 
ferable to the principles that obtain when refilling 
bodies are penetrated (37, m). 

All cutting ihftrumcnts may be referred to the a 
wedge. A chizel, or an axe, is a Ample wedge. 

A law is a number of chizels fixed in a line. A 
knife may be confidered as a wedge when em¬ 
ployed in fplitting, but if attention be paid to the 
edge, it is found to be a fine faw, as is evident 
fromv the much greater effedt all knives produce by 

Fa a draw- 
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a drawing ftroke, than what would have followed < 

% 

from a direct action of the edge. 


C H A P. V. 

or THE SCREW, AND OF MECHANICAL ENGINES 

IN GENERAL. 

i * 

i T«E^|Screw is compofed‘of two parts, one of 
which is called riv ferew, and con fills of a fpi- 
ral protuberance, called the thread, which is wound 
or wrapt round a cylinderj and the other, call¬ 
ed the nut, is perforated to the dimensions of 
the cylinder, and in the internal cavity is cut a 
fpiral groove adapted to receive the thread. 
k Let a d g e (fig. -29) reprefent a cylinder, and 
abc any flexible fubftance of a thick nefs altoge¬ 
ther inconfidcrable or evanefeent. Suppofe abc 
to be a triangle, having a right angle at a, and 
one of the legs a b containing the right uagle to 
' be applied to the cylinder in a line parallel to its 
axis. Imagine now the cylinder to turn on its 
axis fo that the triangle abc may be rolled or 
wrapped clofc on its furface. The lines b c, and 
all others, as 1 k, l r parallel to it, will then be con¬ 
tiguous to, or coincident with, the peripheries of 
circles, whofe planes are all at right angles to the 
axis, and cdnfequcntly parallel to each other. But 
the line a c will become a curve a qj. m a n o p, &c. 
l which is called an helix. This curve’will always, 
or in every part, proceed from one towards the 

other 
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other end of the cylinder it enwraps, and will 
make equal angles wich the generating circle of 
the cylinder. For any one of thefe angles, ak 1, will 
be produced by the application of another angle 
a k r, always equal to the angle acb, 

Suppofe the cylinder a d o e to be perpendicu- m 
lar to the horizon, the lines b c and its parallels, 
together with all their correfpondent circles on the 
cylinder, will then become horizontal. «Let the 
line a c now reprefent an inclined plane whole 
height is a b, and the helix being of the lame 
length and height, and equally inclined to the ho¬ 
rizon throughout, will not differ in mechanic 
effedt from the inclined plane. That is to fay, the n 
tendency of a weight to defcend on the inclined 
plane, will be exactly the fame as on the helix. 

Let a l be the perpendicular diftance between o 
two adjacent threads. Draw the horizontal line l r 
interfering a c in r. Then l r will be equal to 
the circumference of the cylinder, and a r will be 
equal to one revolution of the helix. But a r re- 
prefents an inclined plane, equivalent in power to 
the helix. Every helix therefore is equivalent in p 
power to an inclined plane, whofe length is equal to 
one revolution of the helix, and height equal to 
the diftance between two adjacent threads meafured 
by a line parallel to the axis of the cylinder con¬ 
tained within the helix. 

If the horizontal thicknefs of the nut be difre- 
garded, it will not differ from a weight to be 
fuftained cn the helical plane. Confequently it r 
1 F 3 will 
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will be kept in equilibria* byan horizontal force* 
which is to that of the weight, as the perpendi¬ 
cular di^an^e between two adjacent threads is to 
the circumference of the cylinder (69, p. 65, a b). 
s Or if the power be applied in the direction of the 
threads of the ferew, the cquilibrio will be had 
when the power is to the weight as the perpendi¬ 
cular diftance between the two adjacent threads is to 
the length of one thread of the ferew (69, p. 65, y). 
t But there are few, if any, inftances where the 
{crew is uled without die lever* If an arm e p 
(fig. 30) be applied to move the nut, the weight 
and the power may be confidered as afting upon 
a lever, whofe fulcrum is at the axis of the cylinder. 
v And, therefore, the proportions laft found (r, s) 
muft be compounded with :he ratio of the femi- 
diameter of the cylinder to the diftance of e from 
the axis of motion. 

v It would be difficult to enumerate the very many 
ufes the ferew is applied to. It is extremely fer- 
viceable in compreffing bodies together, as paper, 
&c. It is the principal organ in all ftamping in- 
ttruments for ftriking coins, or making impreffions 
on paper or cards, and is of vaft utility to the phi- 
lofophpr, by affording an cafy method of meafuring 
w or fubdividing fmall Ipaces.. A very ordinary ferew 

will divide an inch into five thoufand parts; but 

■ 

the fine hardened ftecl ferews,. that are applied to 
the limbs of aftronomical inftruments, will go 
much farther. This method will be readily un- 
derftood from the contemplation of fig, 31. 

On 
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On the rule e o h f is fixed the upright piece 2 f. x 
Through this piece the ftem of the fcrew a b paffe#, 
and is held by a collar, fo that it may be moved on 
its axis without advancing or retiring in the direc¬ 
tion of its length. The circular plate c d is fixed 
at right angles to the axis of the fcrew which 
pafies through its center. The piece 1 k m l is 
adapted to Aide lengthways on the rule. This 
piece has a fquare aperture, acrofs which is ftretched 
a fine wire o p at right angles to the graduated line 
on the rule that may be feen beginning at n. At 
1 k, on the Aiding piece, is a raifed part perforated 
helically to receive the fcrew. Suppofe the fcrew 
to have fifty turns in the length of an inch, and 
the edge of the plate to be divided into 100 equal 
parts: fuppofe likewife, that the wire o p Hands 
between two of the dividing lines, and that it is 
required to determine its diftance from one of them. 

Turn the fcrew, which of courfc will move the 
Aiding piece, and oblcrve, with a magnifier, when 
the wire accurately covers the dividing line. Then 
the number of whole turns of the fcrew employed 
in the operation will give as many fiftieth parts of 
an inch, and the odd div'ifions of the plate c d 
will fhew the number of hundredth parts of a 
turn, that is to fay, hundredth parts of one-fif¬ 
tieth of an inchj or five thoufandth parts of an 
inch. 

The fcrew has been applied with great fuccefs in y 
the divifion of aftronomical inftruments*. 

* By,Mr. Hamfden, who has written a ticatife on the fubjeft. 

- F 4 It 
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z It is eafy to conceive, that when forces ^applied 
to mechanical inftruments are in equilibrio, if the 
leaft addition be made to one of them, it will pre¬ 
ponderate and overcome the effort of the other. 
But the want of a perfect polifh or fmoothnefs in 
the parts of all inftruments, and the rigidity of all 
ropes, which increafes with the tenfion, are great 
impediments to motion, and in compounded engines 
are found to diminilh about one-fourth of tiic effeft 
of the power. 

A Thp properties of all the mechanical powers 
depending, as has been fhewn, o.u the laws of 
motion laid down in the beginning of thi.> treatife, 
and the adion, or tendency to produce motion, 
of each of the two forces, being applied in uirccnons 
contrary to each other, the following general rule 
for finding the proportion of the forces in equilibria 
on any machine 'will require no proof. 

b If two oppolitc forces be applied to the extremes 
cf any mechanical engine, in the direction of the 
lines, in which, by the conllruftion of the eng : ne, 
dte faid extremes wou.-d move, and the intenfities 
of the forces be to each other reciprocally as the 
velocities the extremes when put in motion would 
acquire in the fame indefinitely final! time: then 
thofe forces will be in equilibrio. 

Suppofe the forces to be weights, and the fame 
may be exprefied thus. 

c If two weights applied to the extremes of any 
mechanical engine be to each other in the recipro*? 
cal proportion of the velocities icfolved into a per¬ 
pendicular 
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pendicular direction, (rejecting the other part) which 
would be acquired by each when put in motion 
for the fame indefinitely fmall time, they will be in 
equilibrio. 

m 

Whence it may be obferved, that in all contriv- o 
ances by which power i'v gained, a proportional lofs 
is fuffered in time. If one man, by means of a 
tackle, can raile as much weight as ten men cOuld 
by their unadifted flrength, he will be ten times as 
long about it. 

It is convenience alone, and not any attual ift- Z t 
crcafe of force, which we obtain from mechanics. 
This may be illuflrated by the following example; 

Suppofe a man at the top of a houfe draw's up f 
ten weights, one at a time, by a fingle rope, in ten 
minutes. Let him have a tackle of five lower pul¬ 
leys, and he will draw up the whole ten at once with 
the fame cafe as he before raifed up one; but in ten 
times the time, that is, in ten minutes. Thus we 
lee the fame work is performed in the fame time, 
whether the tackle be ufed or not: but the conve¬ 
nience is, that if the whole ten weights be joined 
into one, they may be raifed with the tackle, though 
it would be impofilble to move them by the una{filled 
ftrength of one man. 

Or, fuppofe, inilead, of ten weights a man draws c 
ten buckets of water from the hold of a fliip in ten 
minutes, and that the "fiiip bein^leaky, admits an 
equal quantity in the fame time. It is propofed, 
that by means of a tackle, he fnall raile a bucket 

ten upies as capacious. With this afiiftance he 

performs 
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performs it, but in as long a time as he employed 
to draw the ten, and therefore is as for from gaining 
on the water in the latter cafe as in the former. 

H Since then, no real gain of force is acquired from 
' mechanical contrivances, there is the greateft reafon 
to conclude, that a perpetual motion is not to be 
obtained. For in all inftruments the fri&ion of their 
parts and other refinances continually deftroy a part 
of the moving force, and at laft put an end to the 
motion. 


CHAP. VI. 

or THE CENTER. OF GRAVITY. 

i Let a b (fig. .12) :prefenc a long flender 
body of an inconfiderablc thicknefs, which is 
attracted by another body in the direction of the 
fmall parallel arrows, abed, &c. Then the 
motion of a b will be the fum of the motions of 
all the parts fituate between a and b. Interpofe 
the pointed obftaclc c d, and a b may be confide red 
as a lever; c-being the fulcrum. Confequendy, 
if c be fo placed that the parts between a and c 
may be in quantity and diftance from the fulcrum 
equipollent to thofe between c and b, the whole 
body will reft in equilibrio on the point c. This 
point is called thfc^center of gravity. 
k The thicknefs of a b being inconfiderable, the 
point c may be efteemed as the center of gravity, 

but is not fo when the thicknefs is taken into the 

* 

7 account. 
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account. The foregoing illuftration, befides the 
advantage of its fimplicity, may ferveTo fhew that 
when we fpeak of the whole attractive force of a 
body being collected in its center; as for example, 
the center of the earth, it is not to be imagined that 
any real power, or, as it were magic force, is fup- 
pofed to exift in that center. In die fame manner 
the body a b ceafes to move, not immediately be- 
caufe its center of gravity is fuftained, as if the caufe 
of motion exifted in that center alone, but becaufc, 
by the property of the lever, the forces on the fide 
c b are made to counteract and deftroy thofe on the 
fide c a. 

The center of gravity is defined to be a point l 
about which all the parts of a body or bodies are in 
equilibi io. 

Therefore, the center of gravity of two bodies, w 
a and a ^fig. 33) will be a point c, in the right 
line that joins their centers of gravity, which is 
diftant from the cenitr of each body in the recipro* 
cal proportion of their maffes (56, u) -, that is, a c: 
c b : : b : a. And the center of gravity of three 
bodies, fuppofe a, b and 1, will be found at d in 
the line c e, which joins the center of gravity of e 
with the point c. c d being to di reciprocally as 
the fum of the maffes of a and b is to the mals of 
e. For it is eafily proved, fuppofing die lines to 
be levers, that the bodies a and b will equilibrate 
on the point c, which, as the fulcrum, will fuftain 
both their forces (58, b) ; and «dfo, that the body e 

will equilibrate with die force fuftained ate; d being 

the 
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the fulcrum. In this manner the center of gravity 
of any fyftem of bodies may be found. 
n Though the point called the center of gravity is 
defined from the univerfai property, gravity, yet, 
it may be as well defined from the inertia of mat- 
1 ter; for the point c. (fig. 3a) is the center of 
inertia, or the point at which an impulfe will move 
•, the body without producing rotation; or, if the 
body were in motion in a right line, withoift ro¬ 
tation, the point c is the only point at which the 
oppofition of a fixed obftacle will deflroy die whole 
motion at once j but our intended concifenefs for¬ 
bids the elucidation of rotatory motions, 
o If two bodies move uniformly in right lines, 
their common center of gravity will either be at 
reft, or will move uniformly in a right line; and 
the lame is likewife true of the center of gravity of 
three bodies, for the center c (fig. 33) of any two 
of them may be conlidered as one body. Therefore, 
if c and e be in motion, the common center d will 
either be at reft, or will move uniformly in a right 
line. And the fame may thus be (hewn of any 
number of bodies *. 

p The common center of gravity of two or more 
bodies does not change its (late of motion or reft 
from the mutual adlions of the bodies upon each 
other i and therefore, the common center of gra¬ 
vity of all bodies mutually ailing upon each other, 
is either at reft, or moves uniformly in a right line, 

* Priacipia. in Corol. 4. ad 3, Legem motua. 

actions 
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aftions and impediments from without being ex¬ 
cluded. For, 

If the bodies a and b (fig. 33) aft upon each 
other, the motion produced in each will be equal, 

(a 2, r) and the ratio of c a to c 1 will confe- 
quently remain the fame, whether they approach to, 
or recede frdm each other. The date of c will not 
therefore be changed by their mutual aftions. If 
the third body e be added to the fyftem, the center 
d, for the fame reafon, will not be changed, as to its 
(late of motion or reft, whether e afts upon c or 
not: and the lame may be proved of any number 
of bodies. 

Since thep the ftace of the center of gravity of r 
any fyftem of bodies, as to reft, or uniform direft 
motion, is not aflfefted either by the motions or 
mutual aftions of the bodies of which it is com- 
pofed, external aftions or impediments being ex¬ 
cluded, it is plain that the fame law holds good in 
the motion of a fyftem of bodies as is obferved by a 
finglc body. For the progrefilve motion of a fingle 
body, or of a fyftem of bodies, mull be estimated 
by the motion of the center of gravity. ' 

Hence it is that the center of gravity of the s 
earth is not affeCted by the motions on its furface, 
or in its bowels. When a projeftile, a cannon 
ball, for inftance, is thrown upwards, the projecting 
force reafting on the earth, caufes.it to move in the 
contrary direftion j but as the motions are equal, 
the center of gravity remains the fame. 


The 
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t The modems and anions of bodies upon eadi 
other in a fpace that Is carried uniformly forward** 
'are the fame as if that fpace were at reft, 
u For the motions and actions of bodies upon each 
Other depend on their relative motion, the velocity 
of which is the fum of their ablolute velocities, when 
they are moved in oppofite directions, or their dif¬ 
ference when they move in the fame direction. And 
this fum or difference is not altered by an equal 
velocity imprefied on *11 the bodies in the feme or 
a parallel direction, as in the prefent cafe: fince, 
when two bodies move in contrary directions, in a 
fpace carried uniformly forward, the velocity added 
to that body, with whofe motion the * motion of 
the fpace confpires, is exactly equal to the velocity 
deftroyed in the. other bod), whole motion is 

a 

oppofed by that of the fpace; and when the bodies 
move in the feme direction, an equal velocity be¬ 
ing added to, or deftroyed in both, the difference is 
v likewife unaltered. This is like wife confirmed by 
daily experience; motions performed on board a 
fhip under feil are the feme as if the fhip were at 
anchor; except fo fer as they may be difturbed by 
the irregular tolling of the waves, . which affects 
them fucceffivdy, as much in one direction as 

another. A fleet of fliips carried by an uniform 

* 

* Space being in its own nature immoveable, the expreffion 
is here improper s but it conveys a clear idea of the propofi- 
tion in concife terms, though we can form no idea of bodies 
included in a fpace being a&ed upon by that fpace. The 
fpace here mentioned is merely ideal, may be called relative, 
and is defined to be a moveable dimenfion. 


current. 
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current, either preferve the lame relative portions, 
or approach to, or recede from, each other in the 
fame manner as they would if no fuch current 
exifted. And the motions of bodies at the furface 
of the earth are no otherwife afFeited by its revo¬ 
lution on its axis than as the revolution is not rec¬ 
tilinear, the effects of which, though Confiderable; 
are not enough lb to fall under common obferva- 
tion. 

This propolition is likewile true, if the motion w 
of the fpace be uniformly accelerated, or, which 
is the fame thing, if all the bodies be conftantly 
ailed upon by parallel forces which ad equally, 
according to their malTes, on each of them. 

For fuch forces will caufe all the bodies to move x 
with the lame acceleration, and to delcribe equal 
fpaces in the lame direction with each other. They 
will not therefore change their relative motions or 
lltuations. 


C H A P. 
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OF PENDULUMS. 

* , 

y The bodies fpoken of in the prefent chapter* 
are fuppofed to move without rotation, friftion, of 
refinance from the air, or any other medium; neither 
are the magnitudes of the bodies' brought into 
confideracion. 

' It has already been *hewn (65, v), that the force 
of a body to defcend along an inclined plane is to 
the whole force of its gravity as the height of the 
2 plane to its length. If the body be at liberty to 
defcend on the plane, rive firft-mentioned force will, 
by its confltant and equal aftion (27, d) produce 
an uniform acceleration. 

/ 

The fpaces defcribed from the beginning on a 
given inclined plane are (29, c) as the fquares of 
a the timesj that is to fay, the times of dclcription 
of inclined planes of the fame inclination are as the 
fquare roots of their lengths. 
b The final velocities (36, h) of accelerated mo¬ 
tions being equal when the forces are inverfely as 
the fpaces paffed through, and the length of an in¬ 
clined plane being to its height in this fame ratio 
of the forces, by which a body would defcend along 
the p^ane, or fall freely through its height, it fbl- 
c lows that the final velocity acquired by a body that 
defcends along fuch a plane is equal to the final 
velocity it would acquire by falling freely through 

d its height. Hence alfo the final velocity is always 

• 1 

equal 
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fcqual when a body has fallen through an inclined 
' plane of a given height, whatever may be its length. 

The times of acquiring this given velocity, or of e 
paffing over the whole lengths, will be inverfely as 
the forces (35, c); that is to fay, dire&ly as the 
lengths when the heights are equal (65, y). 

Bodies that defcend from a given height al- f 
ways acquire the fame final velocity, whether 
they defcend along a Angle plane or many. Let 
£ 0 (%• 34) reprefent an horizontal* and a g a 
perpendicular line; and fuppofe a body to de¬ 
fcend along the inclined planes a b, b c, c d, d ej 
continue a b to f in th£ line e g, and draw the 

t - 

lines b k, c r, o h, parallel to the horizon. The 
body after palling through a b and b c will, have 
acquired a velocity equal to the velocity it would 
have acquired Amply by defcending along b c or 
(80, d) along b l, added to the velocity it had at 
b : therefore the velocity at c, after paffing through 
the planes a b, b c, is the fame as would have been 
acquired by defcending from the fame height a i 
through a Angle plane a l. The fame realoning 
may be extended to prove* that when the body has 
arrived at d, it will have the fame velocity as it 
would have acquired by defcending in one plane 
AM .of the fame height a h : and fo forth for any 
number of planes whatever. "* 

Since the planes along which a body may pals, 
in defcending from a given height, are not limited 
either in number or magnitude, we may afiume them 
to be indefinitely final!, and indefinitely numerous. 
Voc. I. G They 
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They may then . be conceived to form a curve, and 
o it will follow, that the laft acquired velocity of a 
body that detcends by a gravity from a given height 

along a furface either plane, polygonical or curved, 

• * 

is always the fame, and is equal to that velocity 
it would have acquired by defeending from the 
fame height by the a&ion of its gravity in free 
Ipace. 

h On the planes of the fame inclination the times of 
defeent from the beginning are as the fquare roots 
, of the lengths of the planes (80, z. 29, o). 

1 If a body defeend along any number of inclined 
planes, a b, b c, c d, d e, (fig. 34) and another body 
defeend along a like number of planes, n o, o p, v <i_, 
.Oja, (fig. 35) having refpeftively the fame incli¬ 
nation and proportional lengths, namely, n o to 
a b as o p to b c, and as p <^,to c d, &c. then the 
times of defeent will follow the fame law as would 
have obtained if each had paffed down a Angle 
k plane of the fame inclination: that is to fay, they 
will be as the fquare roots of the lengths palled 
over. For, if the bodies were each to defeend fin- 
gly along any two correfpondent planes a b and 

n o, the times would be as the fquare roots of thofe 

¥ J 1 

lengths (82, h): and the final velocities would be 
iq the fame ratio (29, c). The fame will be true 
of the planes 3 c and o p. But now, fuppofe each 
body to have defeended through two planes a b, 
b c, and n o, o p, then the time of defeent through 
b c will be lefs than it would have been in pro¬ 
portion as the velocity it has at b is greater, namely. 
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lh proportion to the fquare root of a b (29, c). 
-And in like manner the time* of pafling finely 

» v 

through o P will be diminifhed in proportion to the 
increafe of velocity gained at ©, or in proportion 
to the fquare root of n o. But aB is to b c as 
n o to o p, and therefore the times of paifing 
through b c and o p are diminifhed in proportion 
to their magnitudes, and mud continue to have the 
fame ratio as before. Again, fince no is to a b 
as o p to b c, the fum of n 0 and o p, namely, 
n p, will be to the fum of a b and b c, namely, ' 
a c, in the fame ratio j and the fum of the fquare 
roots of n o and o p, namely, the fquare root of 
n p, will be to the fum of the fquare roots of a b, b c, 
namely, the fquare root of a c, as the fquare foot of 
n o to the fquare root of a b, or as that of o p to that 
of b c. And fince it has been fhewn, that die times 
of pafling over the plants n o, o p, and a b, b c, are 
refpedtively proportional to the fquare roots of their 
lengths, the whole times mufl be proportional to the 
fquare roots of their fums, dr whole length, which 
was to be proved 1 and the fame reafoning will apply 
to- any number of planes. 

If the planes be indefinitely fhort and numerous, l 
they may be conceived to form a curve, and a fimi- 
lar aflemblage of planes rcfpe&ively, in proportion 
to the former, will form a fimilar curve. The 
foregoing arguments will then prove, that bodies 
defeending along fimilar curve furfaces deferibe 
them in times which are as the Tquare roots of the 
lengths of the curves. 

G 2 If 
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m If a body be urged towards a given points by a 
force which is proportional to the diftance of the 
body from the point, it will always arrive at the 
point in the fame time, whatever the diftance may be. 
Let z (fig. 36) be the point; and fuppofe two bodies 

p 

to be let fall from any two points, a and r at.a finite 
diftance from 1. Join a r, a i, and r i ; and ima¬ 
gine a 1 to be divided into an indefinitely great 
number of equal parts, which, confequently, will 
each be indefinitely (mall. Through each point of 
divifion in a r, imagine the lines b cl, c p, d o, &c. 
to be drawn parallel to a r, and they will divide 
the diftance r i into an equal number of indefinitely 
fmall parts. Any two intervals, a b and r cl, will 
, be in T proportion to the whole lines a 1, r 1, of 
which they are like puts. Now, the force may be 
efteemed to be invariable or conftant, while the body 
pafles over the interval a r>, becaufe the diftance is 
not definitely lefs, during that time: and the fame 
may be laid of the interval r cl* that is to fay, the 

M 

forces being as the diftanees a 1, r 1, will be alfo 
. as the intervals or fpaces a b, r cl, paffed through: 
and the times of palling thole intervals will be equal 
(35, e)- By the fame argument the fucceeding 
intervals b c, <lp, would have been pafled over in 
equal times, if the motions had commenced at b- 
and <L But in the prefent cafe, the velocities al¬ 
ready acquired in b and cl are (35, e) proportional 
to the fpaces a b and r cl, and conlequently are 
fuch as would, without any other a&ion, carry , the 
bodies over the fpaces b c and <lp, in equal times. 
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It is therefore evident, that the bodies are carried 

- \ 

over the fccond fpaces b c and qj», by means of 
actions or forces which would have carried them 
refpeftively through thofc fpaces in the fame time, 
increaied by acquired velocities that would likewife 
have carried them through the fame in equal times. 
The acquired velocities in b and muft therefore 
fubdu& equally from the times in which b c and 
q_p would have been otherwife deferibed, and the re¬ 
maining or aftual times of defeription will be equal. 
This rcafoning will extend to prove, that all the 
other correfpondcnt intervals, c u and po,di and 
o n, &c. are refpeftively pa fled over in equal 
times; or, in other words, the whole lines a i and 
r i will be palled over in equal times; which was 
to be Ihewn. 

If a number of indefinitely fhort inclined planes n 
be joined together, and the line of the inclination 
of any plane to the horizon (65, z) be as its dis¬ 
tance from the loweft plane, mcafured along the 
planes, the tendency of a body to defeend on them 
will be as its diftance thus taken: confequcntly 
(84, m) a body will, by palling along them from any 
diltance, arrive at the loweft point in the lame time. 
The line in which the defeent is made may be con- o 
ceived to be a curve, becaufe ho part of any definite 
magnitude lies in the fame right line. This curve 
is termed a cycloid. 

Every thing that has been proved of the accele- p 
rated defeent of bodies along inclined planes will 
hold good, mutatis mutandis (31, p) when bodies are 

C 3 retarded 



4 


B6 ©F PENDULUMS. 

retarded in their afccnt along the Hirne, or- congru¬ 
ous planes. 

0^ A pendulous body ofcillates by the fame laws as 
' it would move on an inclined furface of the fame 

a 

. figure as the (curve it defcribes. For the reaction 
v of the firing or rod is exerted againft, and deflroys 
the very force that fuch a plane would deftroy. 
a The pendulums of clocks ufually vibrate in the 
arcs of circles. It h^s formerly been thought an 
advantage to make them vibrate in the arcs of 
cycloids; but the difficulties chat attend the practi¬ 
cal application are luch, that there is good reafon to 
think that they produce greater errors in the admea- 
furement of time than thofe they are intended to re¬ 
medy *. For this reafon, we fhall lieie only explain 
the properties of bodies vibrating in circular arcs, 
s Let b (fig. 37) be a body pendulous from a, and 
moveable in the arc b f ii, whofe loweft point is f : 
draw the * line afc, on which from b let fall the 
perpendicular b d. This laft line b d will be hori¬ 
zontal. From b draw b c at right angles to a b, 
and confequently touching the arc bfe, The body 
at b will tfcen' be urged towards f by its gravity in 
(he fame manner as if it refted on an inclined plane 
bc, making the angle dbc with the horizon. Which 
angle, by reafon of the fimilarity of th$ triangles 
o b c, o a b, is equal to die angle d a b, or the in- 

, * The excellent Huyghens has explained the vibrations of 
pendulous bodies in his Treatife de Horologio Ofciilatorio ; 
and the fame thing 14 performed more generally in the Prin- 
cipia I. $ 10, 

clination 
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clination' of the pendulum-rod or firing with the 
perpendicular. But the force at b is as the fine of 
this angle (65, z). Now* in very fnjall angles, 
the fines, and confcquently the forces, are nearly < 
proportional to the fubtending arcs to be palled . 
over: therefore, (85, n) all the circular vibrations t 
of the fame pendulum are nearly equal when the 
arcs of vibration are fmall. 


But, in fact, becaufe the arcs increafc falter than u 
the fines, the lefs vibrations of the fame pendulum 
are performed in lefs times. 


The times of the vibrations of pendulums that v 
deferibe fimilar arcs of circles, or, which is in fa< 5 t 


the fame, have equal angles of vibration, are (83,1.) 
as the Iquare roots of the lengths of the arcs; and, 
becaufe the fimilar arcs are as the radii they are 
deferibed with, the times will be as the fquare roots \v 
Of the lengths of the pendulums. This propofition x 
may be affirmed likcwifo of all angles of vibration 
(87, t) when they are fmall. 

Thus far, in our reafoning, wc have fuppofed the v 
force of gravity to be invariable in a given body; 
but if ic be fuppofed to vary, its effects will vary, in 
the fame ratio o, e); and the lengths of fimilar 
arcs deferibed by a pendulous body in equal tiroes 
will be directly as the forces of gravitation that 
urge them. Now, the lengths of the arcs are as 
their radii, that is to fay, the lengths of pendulums, 
vibrating through fmall arcs (87, x) and mcafuring 
equal times, are as the gravitating, forces. 

G 4 
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z If the ball b (fig. 37) of a pendulum were let 
go from any point demote from the Id weft point f, 

it would defeend to V with an accelerated morion 

£ 1 

through the arc b f, and if its motion were-without 

all refiftance or impediment, it would by a retarded 

motion precifely iimilar to its former acceleration, 

afeend through an arc T'E, equal to b f. From 

the point e it would again defeend by acceleration 

to f, and again rife to b by patting through.the arc 

f b in the fame manner as it before afeended through 

the arc’ f e : the ofcillation would thus continue for 

ever, the angles and the times of all the vibrations 

being equal. But this cannot be for there is no 

avoiding a certain degree of friftion at a, and the 

ball b ftriklng, and giving motion to the parts of 

the air oppofed to its courfe, muft itfelf lofe as much 

motion as it communicates, (22, r) by which means 

the motion muft continually decay, and at laft 

become infenfible. 

a The pendulums of clocks are maintained in their 
motion by the action of the wheels, which are driven 
round by means of a weight or lpring. Let e g f 
(fig- 38) reprefent the fwing-wheel of a clock that is 
urged to revolve in the diredtion e g f j let c and d re¬ 
prefent the pallets moveable on an axis at a, and fb 
connected with the pendulum a b, that they are 
made to vibrate along with it. Suppofe the ball 
to vibrate from R to b, one of the teeth of the 
wheel refting againft the pallet c, whofe figure may 
be fcen enlarged au h i. When the pendulum 

. * * return^ 
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returns towards <i_, the pallet c is drawn out, the 
wheel preffing firft along the plane 1 k, and after¬ 
wards on the inclined plane «k l * by its adion 
on which laft, it pulhes the pallet or affifts its mo- * 
tion, till at length the tooth* flips off the point l. 
During this time die pallet d, whole figure is ieen at 
p n o, is carried in between the teeth on the other 
fide of the wheel; that when the wheel elcapes the 
pallet c, another tooth drops on the plane u p of the 
pallet d. The returning vibration again draws out 
the pallet d, 'the tooth of the wheel affifting its 
motion by preffing along the inclined plane n o- 
till it efcapes at o. At this inftant the pallet c has 
acquired its original fituation, and therefore receives 
the adjacent tooth: and the whole proceeds as be¬ 
fore. This is a very fimple and good efcapement. 

It is called the dead-beat efcapement, becaufe the 

fecond hand in clocks of this conftru&ion falls with 

*■ 

a Angle or vulgarly a dead ftroke on the divifion line 
of the dial, and does not recoil, but remains motion-. 
lefs during that part of the vibration in which 
the tooth of the crown-wheel refts on the plane i k, 
or r n of the pallet. 

$4 

There are many other efcapements which our 
prefent purpofe will not admit of deferibing. The 
leading requifite of a good efcapement is that the 
impulfe communicated to ‘the pendulum, (hall be ' 
invariable notwithllanding any irregularity or foul- 
pels in the train of wheels. 

Jf the refiflances arifing from die friflion at the b 

moving 
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moving parts, and from the motion communicated 
to the air, were always the fame, and the clock 
were urged by a weight, the action of the fwing- 

• wheel on the pallets would he always the fame at 
a given place, in confequence of which, the figure 
of all the parts being fuppofed invariable, the 
arc of vibration would be conlfcantly of the fame 
magnitude, namely, fuch as, that the motion loll 
by the refinances oppofed to the pendulum 
Jfhould be accurately equal to -the motion com¬ 
municated 4 by the pallets, and tho times would 

. be equal; that is to fay, the clock would be per¬ 
fect, and would mealure time accurately. But 
thefe conditions are not eafily obtained. It is not 

found, that the variation in the refinance of the 

0 * 

air, arifing from its changes of denfity, occafions 
any lenfible irregularity in clocks. The moll con- 
fiderable irregularities in the movement arife from 
the tenacity of the oil applied to the moving parts. 

* For the oil is lefs fluid in cold than in hot wea¬ 
ther; and when it is lefs fluid, a greater quantity 
of the maintaining power mull, be loft in over¬ 
coming its rigidity: whence it mull happen, that 

f i 

the teeth of the crown-wheel will in that cafe aft 
lefs forcibly on the pallets, and the vibration will be 
lefs. If the pendulum be fufpended on an axis, 
this caufe, together with the qonftant wear, is very 
noxious; but this deleft is remedied by fufpend- 
•.ing it by a ftrait flexible fpring. And if} addition 
to tins, there have not yet been, found any materials. 
3 which 
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which do not expand by heat* The pendulum rod 
therefore is longer in hoc than cold weather, and 
the clock confequendy goes flower (87, w). 

It has not been determined from experiment and o 
©bfervation, how for thefe caufes refpeftively affeft 
the regularity of the clock’s going. There are 
fnany good inventions for obviating their efiefts. 

The irregular action of the maintaining power, d 
in confcquence of its giving motion to the whole 
train of wheels, is rendered of no confequence by 
means of the efcapements, which are called detached 
or free elcapements. For in thele the impetus of 
the fwing-wheel is not fuffered to aft on the pen¬ 
dulum, but is employed in railing a fmall weight in 
each vibration, which, by its fall, always gives the 
fame impulfe to the pendulum. 

The expanfion or contraftion of deal-wood length- z 
ways, by change of temperature, is lb fmall, that 
it is found to make very good pendulum-rods. 
The wood called fapadillo is laid to be Hill better. 
There is reafon to believe, that the previous baking, 
varnifliing, gilding, or foaking, of thele woods in 
any melted matter, only tends to impair the pioperty 
that renders them valuable. They fhould be Amply 
rubbed on the *outflde with wax and a cloth. In 
pendulums of this conftruftion the error is gready 
diminiihed, but not taken away; but there are a 
confiderable number of ingenious contrivances for 
entirely removing it. 

The combination of metallic bars in the gridiron e 

pendulum 
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pendulum feems to 'be the moft fimple and efiec- 
tual contrivance for this purpofe, and is therefore 
the only one we ihall here deferibe. F rotn the point 
of iulpenfion a (fig. 39) proceeds a fmall flexible 
Ipring, by the alternate *fiexur£ of Which the vibra¬ 
tion is allowed to be made. The lower part of 
the ipring is fisted to the frame b c, out of which 
proceed five equal cylindrical bars of metal. The 
two outer bars are 'fteel, as is likewife the middle 
bar: the other two arc a compofition of zink and 
lilver. The two outer bars 'are fattened in the 
' piece b c by means of pins, but the three inner 
ones pafe loofely into 1 holes in the fame piece, with¬ 
out being fattened at all. The three inner bars 
pals through a piece d e, near their upper ends, in 
"which they are all fattened by pins. At the lower 
extremities of the bars i$ another craft piece f c, in 
which all the bars are fattened by pins, except the 
middle bar that pafies freely through, and carries 
the ball or lens’ h. 

% The confideration on which this conftruclion 
depends is, that a given increase of temperature 
will caufe the bars of zink and filver to expand 
about twice as much in their linear dimenfiops as 
the bars of fteel. To fimplify our explanation, let 
us attend only to the ball h, without regarding 
the weight of the other parts. It will, then only be 
required, that the diftance between a and the ball 
. h fhould continue unaltered in every change of 
temperature, which is accomplilhed thus. Imagine 

the 
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the outer bars of fteel to expand by heat* and they 
will luffer the frame fc to defcend; the middle 
fteel-bar will likewife expand in die lame ratio of 
its length; and the ball h would confequently 
be removed farther from the point of fufpenfion a 
if no other parts of the apparatus were affe&ed by 
the heat: but the fame heat expands the bars of 
zink and filver much more in proportion to their 
lengths, and therefore the adjuftment may be lb 
made as that the expanfion of thefe fhorter bars 
may be equal to that of the longer ones of fteel; 
that is to fay, _ the expanlion of thefe two bars may 
be fuch as to remove the crofs piece d e farther from 
f c, fo as to raifc the ball h upwards through a (pace 
exaftly equal to the quantity of the expanfion of the 
central, and the two outer bars. Whence the ball 
h will always be kept at the fame diftance from a. 

It may be obfervcd, that the two outer fteel-bars 
anfwer the purpofe of a fingle bar with regard to 
the expanfion, as do likewife the two next adjacent 
to the middle bar. Thefe bars, namely, two of 
ftet! and one of zink and filver, would have been 
fufficicnt in theory, but the necdfity of binding 
them together in that cafe produces a degree of 
fndtion of the parts that is, not without reaibn, 
thought to have a bad effect, by caufing the aftion 
to take place by ftarts. The adjuftment of the con¬ 
trary expanfions is made by pinning the piece D £ 
at the various diftances from f g, by which means 

the ratio of the length of fteel to that of the zink 

and 
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and filvcr may be altered in any convenient degrees 
and this adjuftment being made from adfcual obfcr- 
vatiqn of the M’s going, it is evident, that no 
pra&igal inconvenience can refiilt from our gratui¬ 
tous fuppofirion of iB the parts, except h, being 
without weight. 


CHAP 
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CHAP. VIII. 

OP THE MOTION OF A BODY, WHICH IS ACTED 
UPON BY A CENTRIPETAL FORCE. 


If a body at a (fig.- 40) be carried with an 1 
uniform direft motion in a given line a e, and 
rays be drawn from the equidiftant points, a, b, c, 
d, e, to any point l, without the line a k, the areas 
alb. b l c, c l d, ole, &c. will be equal to each 
other *. 

And thefe areas which are defcribed in equal k 
times, will not be altered by any centripetal force 
a£ting on the body a, and impelling it towards l. 
For,, 

Suppofc the body a to defcribe the equal Ipaces l 
a b, b c, cd, and confequently with refpeft to the 
point l, the equal areas a l b, b l c, c l d, in equal 
times. Let a centripetal force be imprefied at d, 
which fingly would caufo it to deforibe the fpacq 
d d in the fame time as d e, which is equal to d c, 
Sec. Complete the parallelogram odes, and 
(23, s) at the end of the time the body will be found 
at e; having defcribed the diagonal o e. The tri- 

* This reafoning depends on that well-known propofitfon 
(Euclid I. 38) that triangles conftituied upon equal bafts, 
and between the fame paiallel*, are equal to one another. 

angle 
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angle d c l will then be equal to d e'l, becaufe 
both ftand .on the fame bafe d l» and between the 
parallels o l an die. Continue e f equal to o e, 
and the area e * will be equal to dcl, for the 
fame reafon; e f reppefenririg the fpaee which would 
be defcribed in the fame time as o e, if no new 
impulle were given at e. Let a force e m be im- 

prefled at e, and by the fame procels it is proved* 

■ 

that e f l is equal to c f l. The like may be proved 
* of the triangles f g l, g h l, &c. 

it Since therefore any fingle impulfe can only alter 

> 

the velocity and direction, but never affeft the 
area defcribed, ■ it is plain that any number of fuc- 
ceffive impulfes will likewile have no effeft in al¬ 
tering the area. Suppofe the number of impulfes 
to be infinite, or, in other words, let a force 
direfted to the center aft continually on the body, 
and a polygon with an infinite number of fides, 
that is to’fay, a curve, will be defcribed, whole 

* radius accompanying the moving body, will dc- 
feribe or fweep over equal, areas in equal times. 

n And converfely, if a body reyolve about a point, 
fo as to deferibe- a curve, whofe radius accompany¬ 
ing the body, (hall fweep over* equal areas in equal 
times, the centripetal force which defiefts the mo- 

* tion. from a right line, muff be* direfted to that 
point. 

* 

o But no inftance of a centripetal force direfted to 
an" immoveable point is found in nature! Bodies 
attraft one another, and that mutually. There¬ 
fore, 
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fore, if one body revolves about another, this laft 
will not remain at reft, but will revolve in a * fi- 
milar curve about the common center of gravity, 
as will alfo the firft body. That % to f^y> if the 
center of gravity be at reft, the two bodies will ab- 
folutely move in fimilar curves about that center, 
and relatively about each other in curves limilar 
to thofe laft mentioned. 

Thefe motions will not be altered, if the center r 
of gravity be fuppofed in motion (78, t. 79, w). 

Therefore, when we fpeak of the orbits and pc- 
1 iodical revolutions of bodies, we may in general 
regard one of the bodies as ftationary, and the 
other as revolving round it. 

If a body revolve round a center in an orbit R. 
which is not c'rcular, it is plain, that to defcribe 
equal areas in equal times, it muft move fwifter 
when near the center than when more diftant; and 
it is likewife evident, that when the velocity, and 
confequently the tendency to fly off in a tangent 
is increafed, a greater centripetal force will be re¬ 
quired to retain it in its orbit. 

From the properties of the ellipfls it is demon- s 
ftrated, that a body revolving in that curve, whofe, 
centripetal force tends to one of its foci, muft in 
any part of its orbit be attra&ed towards that focus, 
by a force which is reciprocally as the fquare of its 
diftance f. 


• Principia, I. 57. f Priacipia, I. zi. 
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T A wry complete and clear idea of the elllpfis 
may be had from the common way of defcribing 
it i if a thread c a c (fig. 41) be fattened by its 
ends at the points c c, and a pointed inftrument be 
inlerted in the bight or betid at a, and moved -to- 
tvards b or 1, keeping the thread at full ftrctch, it 
will in one revolution defcribe the ellipfis abde. 
c c are called the foci. 

v To illuftrate this dodrine of revolving bodies, 
we may obferve, that gravity conftantly ads on 
all bodies in the vicinity of the earth, attrading 
them towards its center, every projedile, which 
is not thrown in the line of the perpendicular, may 
be confidered as a body revolving about that ten¬ 
ter; and if its orbit be not fufficientlv large to con¬ 
tain or * circumfcribe the body of rhe earth, it will 
be interrupted in its courfc, and remain at reft 
jfomewhere on the furface. Thus let a b £ (fig. 4a) 
reprefe’nt the earth, whole center is at cthen if 
a body be projeded from a in the diredion a f, it 

will by the adion of the centripetal force, be de- 

■ 

fleded into the curve a g b, and will remain at reft 
at b, being prevented, from defcribing the whole 
orbit a o b d a, by the body of the earth, which in¬ 
terrupts its courfe at b. But the part a o b of the ■ 
elliptical orbit of a projedile is fo fmall, in com- 
parifon to that part which is not deferibed, that it 
may without any fenfible error be confidered as a 
parabola, except fo far as the refiftance of the air, 
which is not hem regarded, makes it fa\l ihort of b* 

m * 

by deftroying part of its motion. 


The 



l»kOJECTILES. „ “ 9$ 

1 'he orbic agbua, of which the parabola is Y 
part, would have been dcfcribed upon the fuppo- 
fition, that the attra&ion towards the center con¬ 
tinues to obferve the fame law within as without 
the fphcre. But this fuppofition, however, is not 
rruej for a fphere of uniform denfity, compofed 
of particles which attract each other with forces re¬ 
ciprocally as the fquarcs of their diftances, will at¬ 
tract bodies without its furface according to the 
fame law; relation being had to its center. But 
the centripetal forces, of bodies placed within .the 
fphere, will be dreftly as their diftances from the 
ccrtcr *. 

Let the circle bcog (fig. 43) reprefent the w 
earth. From the top of the mountain a, let a 
body be projected in the horizontal direction a r, 
with a foice that will carry it to b on the luiface. 
Imagine it to be projected in the ferae direction 
with a Hill g!eater force, and it will be carried 
to c. A ftill greater increafe of force will carry 
it to d. And a yet gteater augmentation will 
cany it round the earth to a, where it will pro¬ 
ceed with j velocity equal to thit with which it 
was firft projected, and by conlequencc, the re- 
fiftance of the air being diiregarded, wnU rev blve 
in that orbit for ever. But if the projectile force 
be ftill more increafed, it will deferibe the eliipfis 
a b a with an unequable motion}* flower a: b and 
fwifeer at a, and continue to revolve for c/er in 
rhat orbit. 



-Frincipia, I. 81. 
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' If gravity a&s in the diftant fpaces of the heavens 
inverfcly according to the fquares of the diftances* 
it will be eafy to apply this to the motions of the 
ceteftial bodies. We lhall again refume this fub- 
jedtj but in the mean time it is neceffary, that the 
appearances lhould firft.be defcribetf before an ex¬ 
planation of them can be given. 


BOOK 
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$ECT. III. 

Aftronomy. 

CHAP. I. 

CONCERNING THE SYSTEM OP THE UNIVERSE. 

There are two methods by which knowledge 
may be acquired and announced; namely, by ana- 
lyfis, or by fynthefis. In the method of atudyfis 
the proccfs is made from things that are com¬ 
pounded to thingf that are more Ample. Caufes, 
or firft principles, are inveftigated by attending 
to, and examining their cfie&s. But in the me¬ 
thod of iynthefis the procds is directly the con¬ 
trary j for here the caufes, or firft principles, be¬ 
ing known or aflumed, are made by compofioon 
or combination to account for their effcds. It is 
very manifeft, that in the acquifirion of philofo- 
phical knowledge the former method muft be firft 
made ufe of. We fee no fimple events in nature, 
and we cannot come at caufes but by analyfing 
the cfit&s we behold. Thus it is that firft prin- 

H 3 . ciplcs 
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ciples arc obtained* which may afterwards be 
tended by fynthefis, to account for other phenomena 
in a more urtiverfal manner. Generally fpeaking* 
the analyfis appears beft adapted for "acquiring 
knowledge, while the lynthetical method is more 
conyetiient and concife for communicating it, when 
known. 

In the communication of the knowledge that re¬ 
lates to the heavenly bodies, and is termed agro¬ 
nomy, we might affumc as eltablilhcd firft prin¬ 
ciples every thing which refpects their mutual po- 
fitions and motions abfolutcly confidcred, and from 
thence deduce fynthetically the phenomena that 
would appear to a fpeftator placed on the earth 
or elfewhere. Or we might ftill more generally, 
from the laws of motion affumed as firft principles, 
deduce the confequences that would anfc from th,c 
motions of bodies in circum(lances fuch as the 
heavenly bodies are known to be placed in. By 
thefe methods the fcience would be mod expedi- 
tioufly taught, and even fuppofing the firft prin¬ 
ciples to be merely a (Turned at hazard* or gratui- 
toufly, yet their conftant agreement with the events 
that happen in nature might fumifh no inconfider- 
able prefumption of their truth. However, it is 
clear, that the knowledge on which the fynthetical 
reafoning is built, muft be either affumed gratui- 
toufiy, or obtained by analyfis. It is not eafy, nay, 
it is perhaps impofiible*. to form any conception 
how a finite intelligence can* to any advantage* 

make 
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make ufe of firft principles taken without a pre-, 
rious ufeof the anatytical method of deduction, 
yet the whole hrftory of natural philofophy affords 
numberless inftances of men of real abilities who 

* i n ■ » s i 1 

% 

have indulged their vafiigr and- indolence in de¬ 
ducing confequences from- principles entirety hy¬ 
pothetical, and often falfe. Far from wilhing to 
imitate theft:, we lhali not aflume, even eft&bliihed, 
truths, without giving their proofs where they can 

9 

be explained with that degree of facility which our 
intention demands* Jnftead, therefore, of deducing 
the apparent phenomena from the real motions of 
the heavenly bodies,. it is prefumed that it will be 
much more intcrefting, though rather more prolix* 
to note the obvious appearances, and thence infer 
their cau(es. Thefe inferences have been the con- 
fequence of the obfervation and ftudy of fevcral 
of the mod diftinguilhed men of genius in the 

4 

courfe of many ages.. The truth has been acquired 
by flow degrees* and indirect methods.* It has of¬ 
ten been obfeured by the admixture of error. Its 
progrefs has been retarded by the operation of pre¬ 
judice, and the pride of falfe fcience. When difco- 


veries are completed, it-is cafy to trace the mod di¬ 
rect fteps by which they might have been made,. 
though it has fiercely ever happened that the dif- 
covercrs proceeded by thofe fteps. Let us there¬ 
fore pafs over in filence the various and intricate 
. fchemes made ufe of to iolvc the celeftial ap¬ 
pearances before the ancient fyftetn of die world 

H 4 vyas 
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ti&re*ivtid bf C pp^t a k v&K tad fence eftablHbet} 
, for riser % die im^ioital Newton. Let tis hna- 

i 

gine purfelvesinthc open air bufted in the con¬ 
templation of die phenomena that-occur ip the hea¬ 
vens, npd while we note the fads, and make plain 
deductions from diem/we ftiall tie, infenfibly led 
HP the knowledge of the’ beautiful regularity and 
Order \vhich prevail through the immenfe regions of 
fpace, and evince the intdligencc and power of the 
l* 1 rft Caufe. 

i The firft, and moft obvious phenomenon that 
prefents itfelf to obfervation, is the apparent diur¬ 
nal motion of the*vifible iphere of the heavens; by 
which the fun/ moon, .and ftars are feen to rife and 
fet. This motion is obferved to be fqbjed to feem- 
ing irregularities. If its period he eftimated from 
fun-rife to fun-rife, a little time fhews, that the fun 
tioes not always rife at the fame point, nor remain 
pbove die horizon fo long in winter as in fummer. 
The moon is ft ill lefe adapted to the purpdfe of de¬ 
termining this period, its variations being in every 
. refpe# more conipicuoUs* The ftars remain, which 
appear indeed to rife, and fet regularly, but yet iq 
a period &oi$cr than the natural day; for thofe 


* * 


* A. D. 15^3, the year of his death. After fuppre fling his 
hook. V 4 e Revolutionibus orbioip celeftlum,” for more then 
thirty-^ years, it. was at length pnbliflied, and a copy 
brought him a few hours before his death. Gafieodus in 
'vita Copernici. fee alfo Sir Jeha JPringle’a elegant ** DIf-. 
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fears, which at a certain time of the year are ieen 
to life % midnight^ are found to make their' ap¬ 
pearance early in the evening, after the fpace of 
three months is eiapfecL It is therefore to be de¬ 
termined which of thofc motions ought to be re¬ 
garded as the motion of the heavens; and it is 
much more ob\jious and intelligible, to fuppofc, 
that the fern, by a relative motion to the eaftward 
with refpeft to the fixed fears, fhould make the 
days fomewhat longer than the real time of a re¬ 
volution, than that all the fears, while they pre- 
ferve their mutual diftances unaltered, fhould con- 
feantly move with a velocity greater than that of 
the fuppofed celeftial fphere. To determine this 
relative path of the fun is not difficult. By thp 
fhadow of a perpendicular ftafF or other equivalent 
inferument at mid-day, its varying declination to- 
wlrds the north or fouth may be known, and the 
advance in the riling of the fears will mark its dif¬ 
ference in right afcenfion. By this, of fome fetch 
method, it may be difeovered, that while the fixed 
fears rife and let, bach on its proper points of bear¬ 
ing or pofition, without varying their relative fitua- 
tions; the fun, by defcribing annually a circle to¬ 
wards the eaft, inclined to the direction of its 
daily cdurfe in an angle of degrees, muft 
occafeon all tfec difference of feaibns, length df 
days, $c„ 

# Every circle is ftjppofed to be divided into 360 parti, 
a hick are called degrees. 

In 



, ip$ dUHTIU PHENOMENA. ' 

* In noting thcfe appearances, it is natural to Itrlc< 5 fc 
the brightest (tars as objects of our actentiom The 
planetary bodies will on this account be the early 
objects of our notice. The planet Venus efpcci- 
ally, receding from the fun to the eaftward, will 
appear as an evening ftar in the well; after funfet} 
and afterwards will difappear on its re-approach to 
it, and be feen at a nearly equal diftance to the 
weftward, and rifing before the fan, become a 
morning ftar. The flownefs of its apparent motion 
near its greateft elongation or angular diftance from 
the fun, fhews that it is moved in an orbit, near 
the center of which the fun is placed; and the Ihort 
time employed in palling from its greateft elonga¬ 
tion eaftward to its greateft elongation weftward, 
when compared with the time of its courfe between 
the fame elongadons in thf contrary direction, (hews 
that its revolution is made from weft to e%ft. 
The proportion between its diftance from the fun, 
and that of the fun from the earth, may be found 
from the quantity of its greateft elongation, 
c To illuftrate this, let s (fig. 44) reprefem the 
fun, e the earth, imkn the orbit of Venus, csd 
part of the ecliptic, or fun’s apparent annual path 
in the heavens. Then to a fpectator at e, fituated 
* nearly in the plane of the planet’s orbit, the planet 
when at b will he referred to the point b in the 
ecliptic; and when by its aljfolute motion in its 
orbit, it has ddcribed the arc b u, it will appear 
to have ddcribed the arc b d. When ar u, it will 
appear ftationary at n, and after a little time brgm 
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tp move back from d to b i for after defcribing 
tb&arc v j, it will again be feen at b. Continuing 
Jts courfe, it will arrive at y, having apparently 
palled through the arc b c., > 'At v it will again 
become ftatlonary and afterwards move to c, r, a, 

&c. which will be repreferited by their corrdpond- 
ing points in the ecliptic. Now, fince, the motion, 
as feen from the earth, is that which appears in the 
ecliptic, and fince the apparent motion from b to 


p may as well be produced by a real motion from j 
toy, asby one from a to tr, it remains to be determin¬ 
ed in whatdire&ion the real morion is made by which 
die apparent motion is produced, Now, becauic 
e c and e d are tangents to the Orbit, the points a 
and c, which correfpond with the pdfirions u and tr, 
are thole of its greateft elongations; and bccaufe 
the arc u v, which is palled oyer in the inferior part ' 
of the orbit between the two greateft elongations, is . 
lefs than the fuperior arc v a b u, which is pafled 
pver between the feme elongations, it is plain, that 
when the planet is in the inferior part of the orbit, 
the fpace c d will be performed in Ids rime than 
when it is in the fuperior part. Jt' is alfo evident, 
when the planet moves in the fuperior part of its 
orbit, that the*apparent motion in the Ecliptic has 
the feme direttien as the real motion. Therefore, d 
fince we have a criterion to. diftinguilh the mo¬ 
rion in the fuperior from that in the inferior part,* 
we can eakly determine the dire&ion of the mo- 
tion in, its orbit, which is proved to be from weft 
to call, ■ 

- ' ■ N S • 
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k The diftance of Venus from the Sun, in propor¬ 
tion of that of the Sun from the earth is deter- 

* m 

mined from its greateft elongation: thus draw the 
fine v s, which will be at right angles to the tangent 
T Mi then in the righ£ angled triangle v a $, by the 
rules of plain trigonometry. 

As radius 

4 Is to the fine' of the angle of greateft elon¬ 

gation VIS, 

So is the Sun’s diftance from the earth e s. 
To the diftance of Venus from the Sun v s. 
9 By fimilar obfcfrvarions on the planet Mercury, it 
is determined that its revolutions are performed 
sound die fun in the fame manner, becaufe they are 
accompanied with drctimftances of the fame nature 
as appear in the motion of Venus. 
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Of THE FIGURE MOTION OF THE EARTH. . 

• 1 

/ 

We have not yet confi&ertd the effedfe which 
die fun’s annual motion in the ecliptic has upon 
the apparent motions of the planets, though it. 

is very confiderable: neither have we determined * 

* 

whether this apparent annual motion be the confc- 
quence of a real motion of the fun about the earth, 
or of the earthround the fiin. The celeftial phe¬ 
nomena may be explained either way, but in a much 
more Ample and intelligible manner by the latter 
fuppolition. We lhall therefore previoufly give an , 
account of the figure of the earth, and the reafons 
on which the fuppolition of its motion is founded. 
The proof will come more properly when we treat - 
of the phylical caufes of thefe motions. At prelent 
we only defcribe appearances, and draw plain infe¬ 
rences from them. 

* 

The purpofcs of aftronomy require, that the fixed c 
liars fhould be dafied into conftcllations. When 
their relative fituations are known, it mull fbon be 
perceived, that their diurnal revolutions are per¬ 
formed round an axis, obliquely fituated with rdpoSl * 
to the horizon, or circle that bounds our view j one , 


of its extremities or poles being above the horizon 
to die* north, and thf other as far below it to the 


• In this elucidation the bbfcrver is fuppo&d to be in north 
latitude. 
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fouth, and confequently mvifiblc. By travelling td 
the northward, the north pole is obferved to become 
more elevated, and that exactly in propdrtion to the 
fpace travelled overt from which circumftance it 
follows, that the earth is round or fphcrical. 
b For, let j b e, fig. 4 6 , reprefent a plain fedion of 
die earth at right angles to its furface; let a b repre- 
4 lent the plumb line or perpendicular, and b v the line 
of diredfcion, in which the * pole ftar is feen; the 
angle A b p will then be the complement of the 
altitude of the ftar: let the lame ftar be feen from 
another point r in the line of direction e q_, which, 
by reafon of the great diftance of the ftar, may be 
efteemed parallel to b p ; the angle d f q_will then be 
equal to the angle abp, or complement of the former 
altitude at b. From r drav, the plumb line or per¬ 
pendicular b n the angle def will then be the dif¬ 
ference between the two co-altitudes abp, f e q_, or 
between the two altitudes; but this difference is 
equal to the angle bcc, formed between the plumb 
lines, and is proportional to the arc or diftance b i f, 

Now, 

* There it no Oar fituatrd at the pole. The ftar a in Urft 
Minor, which is called the pole ftar, is about zl degrees 
* diftant from it. 

t Let the part h n of rhe line o r (fig. 46) be compre¬ 
hended between the perpendiculars ah, r n, which, if conti¬ 
nued, meet at c. Gonceive n n to be divided into an indefi¬ 
nite number of equal parts, by means of perpendiculars 
tiiCs, &c. feverartly prolonged till they meet. Then in the 
triangle h o 1, the fides, nc,io, are equal, becaufe/oppofed 
to equal angles at u and 1: and for a like reafon, in the tri¬ 
angle 
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Now, if the angle formed between two perpendi¬ 
culars to a given line be always in proportion to 
that part of the line comprehended between the 
perpendiculars, the line itfclf is circular: and that 
folid, whofc fcdtions, palling through two oppofite 
points, are all circles, is itfclf a fphere. 

. Hence, if the length of the arc b e be meafiired, i 

and its quantity in degrees known by obfervation v 

• < 

on a ftar, the length of the whole circumference of 
the earth may be found by this proportion. As 
the quantity of degrees is to the length meafured, 
fo is the whole circumference, or 360 degrees to 
its length. 

The modem circumnavigation likewife proves k 
' the fphericity of the earth ; for, by failing continu¬ 
ally eaftward, or continually weftward, veflels arrive 
again at the port from whence their firft departure 
* was taken. 

Alfo, in an eclipfe of the moon, the lhadow l 
of the earth is always projefted in a circular form. 
Now, it is evident, that the body, whofe lhadow 
is in all portions a circle, muft itfelf be a globe. 
Unfurnilhed with thofe proofs, which the faga- m 

city and more accurate obfervations of later 

* 

angle i e k, the fide* ic, ck are equal. The fame proc<f* of • 
argumentation will extend to prove, that all the ftnall tri¬ 
angle* between h and w are ifofceles, having a common vertex 
at c; that is to fay, there is no definite past of h v from which 
a right Ijne can be dtnwn to the point o, either greater or 
lef* than h c : h k it therefore a curve, having fuch a relation 
to a certain ppint, that all right line* drawn from it to that 
point are equal ; or it is circular. Which was to be (hewn. 

a 

ages 



ti;$ : Moripto ;6» thb ea*th. . 

ages have afforded, the ancients could not adduce 
thofe reafons for the earth’s motion, that depend on 
die general laws of motion, 'and the nature of 
gravity. Without doubt they had recourie ,tp thole 
which depend on the moral fiends ,6f things. They 
were perfuaded that the wifdom of the Creator bad 

e 

formed eveiy thing in the bell, manner poffible, and 
therefore, that when an cfifed; could be as well 
produced by limple as by complicated caules, the 
obferver of nature ought to attribute it to the for¬ 
mer. They faw the two planets, Mercury and Ve¬ 
nus, revolving round the fun in orbits, whole radii 
are lefs chan the diftance between the fun and the 
earth: the fuperior planets. Mars, Jupiter, and 
Saturn, were allb obferved to move in orbits 


about the fun, but at greater diftances than that be¬ 
tween the fun and earth. If the fun were fuppoled 
to move abfolutely in the ecliptic or its apparent 
path, it mu ft carry the orbits of thefe bodies along 
with it, and confequently their abfolute motions 
muft be very complicated; but if the earth be fup¬ 
poled to deferibe an orbit round the lun, between 
Venus and Mars, the abfolute motions become 
limple and natural, and an admirable uniformity 
prevails throughout the fyftem. 
n The annual motion of the earth being allowedon 

this principle, its diurnal motion would follow by 

* 

the lame argument; it being much more reafonable 
and confident to fupppfo, that the earth, by a daily 

revolution on its own axis from weft to eaft, Ihould 

1 » v 


occalion the apparent motion of the celeftial bodies, 

* , • * 

s * than 


6 
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than that thofc bodies fliould, betides their other 
▼axiom motions, have that aftonifhing velocity 
which a rcal diurnal motion would produce. The 
objections common observers might make would be 
eafify difproved by men whole penetration wa» 
capable of going thus far. From the obfervauons 
by which the fpherical form of the earth was difco- 
vercd, they would alio gather, that bodies fell not 
abfblufiely down, or in a direction referable to 
pure Ipace, as was imagined, but always in a fine 
directed towards the center of the earth, and con- 
iequendy that no danger of bodies falling off would 
arifc from its continual change of polition. The 
infiances cf ihips carried by the tides in calm 
weathei ** ouki ’*!'%.wife ferve to (hew, that the 
relative motions or pufiriuns of bodies arc not 
changed by an equal velocity given to them in the 
fame parallel direction. 


CHAP. m. 

OF THE MUTUAL APPEARANCES OF THE SUPERIOR 

AND INFERIOR PLANETS. 

That die planets Mars, Jupiter, and Saturn re- 
volvdtf in orbits, which include the orbit of the 
earth, is evident, becauie they are frequently feen 
in the part of the ecliptic direCHy oppofite to the 
fun* and that die orbits refpeCt the fun as a center, 
appears as wdl from thofc oppofitions whichr happen 

in every part of the ecliptic, as from their unequable 
Vol. I. I apparent 
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• apparent motions, which arc explained by referring 
them to tbit center. 

■p We have confidered the Apparent motions of the 
inferior planets as far as relates to tfyeir Croatian 
with refpe$ to the fun. The motion of the earth 
affetfts thofe appearances, to (peak in general, only 
by prolonging the timethey employ to return again 
to the feme fituation. 


% 

The earth at £ (fig. 44) is a fuperior planet with 
refpeft to Venus. A fpeftator on Venus at a would 
fee thfc earth £ elongated from the fun under .the. 
angle e b s; which angle of-elongation would 
increafe by the motion of Venus in its orbit from 
b to v, where it becomes a right angle £ u s. From 
j it would be fecn in an angle of ftiU greater elon¬ 
gation £ j s, and from m it would be feen dire&ly in 
oppofition to the fun. Pafiing from u to k, r, &c. 
the angle of elongation would decreafe till the arrival 
of Venus at n, whence the earth would be in con-' 
jun&ion with the fun, and the angle of elongation 
would vanifh. This relative morion of the fupe¬ 
rior planet with refpeft to the fun is contrary to 
the order of the figns, or from eaft to weft, and 
depends entirely upon the motion of the inferior 


planet on which the fpc&ator is fuppofed to be 
placed* 1' ■*.'■■■ r; - w - 

If the earth s was at a diftance indefinitely great, 

%'y j b. See. might be efteemed 
parallel, and confequentfy the fpedator would be¬ 
hold it alwfys in the feme point of the ecliptic, 
its fituation with regard to the fun being varied 

only 
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* 

onlyby the apparent nsatson of tbe fun, oceafioned 
by the real motion of Venus. But as this is by no 
means the cafe, an apparent morion of the earth 
among die figns of the ecliptic Will be produced. 
Thus, the earth viewed from n, will appear among 
the Axed flats at pj from b it will appear at r; 
from oato, where it will be flationary fo long as 
the orbit of Venus does not fenfibly differ from its 
tangent ; from j it will be feen returned back to & 

m 

with a retrograde motion; from m at p; from k at 
T; from v at q., where it again becomes ftatio- 
nary; and from a it will be again feen at t, its 
motion having again become dtre&: whence we 
may obferve, that 

When a fuperior planet viewed from an inferior s 
appears ftationary, the inferior planet viewed at 
the fame time from the fuperior is alio ftationary; 
and. 

When the inferior planet viewed from the fupe- t 
rior moves apparently retrograde, or contrary to the 
order of the figns, the fuperior planet has alio an 
apparendy retrograde motion. ' 

But fince the earth has an annual motion round u 
die fim in its orbit, ( 110, m) we are therefore to dis¬ 
cover what part of the apparent motion of Venus is 
produced by that caufe. It is plain, that if the earth 
were at reft* and Venus feen at u, its greateft don- 
gation, it would, again be feen in the fame' pofi- 
don, after performing a complete revolution in its 
orbit. But while Venus is performing this revolu¬ 
tion, the earth is carried from £ towards w, and fo 

I 2 forth. 
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forth. Therefore Venus muft p&fs between two 

(imilar elongations, not only a complete revolution, 
but Kkewife the whole angular fpace which the earth 
has 'performed in the fame time. Hence its perio¬ 
dical time may be found. For the time between 
two fimilar pofmons is obferved, to be 5 83 days. 
Now, dividing the earth’s orbit into 365 equal 
parts or days, the angular velocity of Venus will 
be denoted by the angular fpace pafled over in the 
given time, namely, one revolution, or 365 days 
added to 5 83 days, equal *0 948 s and the earth's 
angular velocity will be 583. 
v The periodical times of Venus and the earth will 
be reciprocally a$ their angular velocities j conft- 
quently, 

As the angular velocity of Venus - 948 
Is to the angular velocity of the earth 583 
So is the periodical time of the earth 365 
To the periodical time of Venus 224^ 
w Were it not for the fixed flars, it would be 
impoflible to difoover or obferve the aruital 
motion of the earth. We fhould conclude, that 
each planet made a complete revolution between 
any two fimilar fituations with rdpeft to the fun, 
becaufe the fjpaces of elongation are fimilarly de- 
feribed, and are in quantity die fame, whether the 
earth be in motion or not.* Thus, if the earth be 
fixed at s, the fame apparent elongations wiU be 
made by Venus with any velocity whatfoever m 
its orbit, but they will occur more frequently the 
greater the velocity. If a 'motion be given to the 
. 7 - earth 
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earth in the orbit i t, Venus will approach from 
u to m, which is now in mcrt£on» with a velocity 
equal to the difference between its angular velocity 
and that of the earth: or if the, earth's angular 
velocity be greateft, it will apparently recede from 
it> and deferibe its revolutions in the contrary di¬ 
rection to its real motion. Now, as ail the ap¬ 
parent motion of Venus in elongation Is known by 
its approach- or recefs from the line s e, and fince 
any angular motion of s z can only change the re¬ 
lative velocity of Venusi and finoe a change of 
velocity will not alter die elongations, except as 
to time, it is evident, that we cannot determine 

1 

whether z be at reft or no, from the appearances 
of the planets which revolve about the fun. It is 
then from the apparent motion of the fun, with re- 
fpe£t to die fixed ftars, that we conclude that the 
earth deferibes an orbit in about 365 days. 

If the fuperior planet s be at reft, the retrograde x 
motion of the inferior planet tr among the fixed 
ftars will be the fame as its motion in elongation, 
viz. the angle v z v. But if z move in the fame 
direction as u, but angularly flower, the arc de- 
feribed by the retrograde motion in the ecliptic 

will be lefs than that deferibed between the two 

* 

oppofite elongations. The fame is true of the re¬ 
trograde motion of thfc fuperior viewed from the 
inferior planet. 

For the motion of 9 towards w caufcs an ap- r 
parent motion of the fun towards ». * And as the 
retrograde motion of v referred to the arc os is 

I 3 floweft 
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flweft near the elongations, it is plain that u will 
not become ftationary in the ecliptic till its appa- t 
rent motion in elongation from d towards s is 
equal to the fun's apparent motion in the contrary 
directions thaj: is to lay, dll fome time after pajQTing 
the greateft elongation, fuppofe at d. After which its 
xftotion mult become retrograde till it arrives at h, 
equidiftant from its greateft elongation on the other 
fide, where it Will again become ftationary, its appa¬ 
rent motion in elongation being equal and contrary 
to that of the fun in the ecliptic. Now, the angle 
h td is lels than the angle of retrograde motion in 
elongation c e d. And fince the angle iEq is equal 
toHBD, it is alfo lcfs than cbd. Bufthofe angles 
rsq and h e d are the mcafures of the retrograde 
motions of the fuperior and inferior planets, when 
viewed from each other. Where'* the propofition 
is evident. 


* CHAP. IV. 

OF THE SUPERIOR PLANETS, AND OF THE TRUE 
FORM OF THE PLANETARY ORBITS. 

*The appearance of the earth when viewed from 
Venus being explained, it will be eafy to apply that 
explanation to the apparent motions of the fuperior 
planets. Of the two inferior planets V enus ferved 
us as an inftance; and of the three fuperior ones we 
fhall icleCfc Jupiter, as being the moft bright and 
confpicuous. The motions of this planet being 
accounted for, fimilar obfervations and fimilar rea* 

fcmng will obvioufly folve thofe of the other pla¬ 
nets. 



SUPERIOR #LARSTI. * H9 

nets, whole particular phenomena will not, there- 

# lore, require a more minute elucidation. 

That the planet Jupiter revolves in an orbit, .a 
which includes that of the earth, and relpe&s 
the fun as its center, was (hewn in the begin¬ 
ning of the ialt chapter; and its apparent mo¬ 
tions are obferved to be fimilar to thole which it 
was proved the earth would have when leen from 
Venus. It remains to difcover its periodica] time 
and diftance from the fun. 

Let s (fig. 47) repreient the fun, a the earth, a 
j Jupiter, the circle zea the earth's orbit, and 
the circle jj a the orbit of Jupiter. Suppole Ju¬ 
piter to be in oppofition to the fun. The earth 
revolving in its orbit will, in the fpace of 365 
days, arrive again at z, but the oppofition will not 
then happen, becaule Jupiter in the mean time will 
have moved in its orbit towards j. The earth mult 
therefore pafs through the arc e e or 334 days be¬ 
fore it overtakes it. Confequently,’' the angular 
velocity of Jupiter will be denoted by 334, and 
that of the earth by one whole revolution, (or 365) 
added td 334, equal to 3984. But as the pe¬ 
riodical times are reciprocally as the angular velo¬ 
cities, it will be * 

* As the angular velocity of Jupiter 33 \ 

Is to the angular velocity of the earth 398 r 

So is the periodical time of the earth 365 days 

To the periodical time of Jupiter 4340 days. 

* Smaller fr.1 ft ion* being rejected, the periodical times are 
not here cxa£t. 

I 4 


The 
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c The periodical time of Jupiter being thus ob¬ 
tained* it will be t$Sf to detertnite its * heliocen¬ 
tric place at any time before or after the oppofxcion, 
and the proportion of its diftance from the fun to 
that of the earth from die fun being known, its f 
geocentric place may likewife, at any time, be dif- 
covered. Its proportional diftance is thus found. 

D The figure as before. Suppofe the earth to 
have moved from e toe, in a given time. From 
the time may be found the quantity of the angle 
x s cj and in the lame time Jupiter will have moved 
to b, the angle jsb being alfo known from its 
proportion to his whole periodical revolution. 
Subtract die angle jsb from the angle j s c, and 
the remainder will be the angle esc. By obler- 
vation find the angle b c s, or J upiter’s elongation 
from the fun. In the triangle cbs, the fum of the 
two angles b c s and b s c being taken from i So 


degrees, leaves the angle cbs. Then, by plain 
trigonometry, 

x As the fine of the angle of the earth's 

elongation, when viewed from Jupiter cii 
Is to the fine of the angle of Jupiter’s 
elongation, when viewed from the earth scs. 
So is the earth's diftance from the fun * c a 
To Jupiter’s diftance from the fun bs. 


t The angle of the earth's elongation, when viewed 
from Jupiter, is called Jupiter's annual parallax. 



* Viewed from the fun at a center, 
f Viewed from the earth at a center. 
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«ad is ahrty* equal to the difltrcnce between its 
heliocentric and geocentric place in the ecliptic, at 
a little confideration Will <hew. 

By limilar obfervatiohs on the other fuperior o 
planets, it is found that their apparent motions 
are attended with circumftanees of the fame 
nature as thole of Jupiter. The lame conic- 
quences muft therefore follow refpefting their or¬ 
bits, periods, and ocher affections. 

Thus far we have fpoken of the appearances of a 
die [Janets, as if their revolutions were performed 
in circular orbits, in the center of which the fun 
was litppoled to be placed. But this is not the 
cafe. Conjunctions, oppofitions, limilar elonga¬ 
tions, or other mutual fituations of the planets, do 
not return again in exactly the fame time, and their 
diftancea from the fun are found to be greater or 
Ids in different parts of their orbits, their angular 
velocities being always greater when the diftances 
are lefs. Thus, by the increafed diameter of the i 
fun during the winter half-year, we find that the 
earth’s diftance is diminilhed; and that its velo¬ 
city is increafed* is evinced from the apparent mo¬ 
tion of the fun, by which it paffes through the 
winter half- circle of the ecliptic jn near eight 
days kfs than it employs to defcribe the fummer- 
half. By a variety of oblervations of elongation or 
parallax, the relative or proportional diftances of 
the [Janets from the fun, and their velocities are 
found for every heliocentric pofition. Whence x 

they are proved to revolve in elliptical orbits, the 

iim 
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Ill 

* 

fun being placed in one of the feci; and their ve¬ 
locities are fiich, thara radius drawn from the fun 
to the planet, and fuppofed to move with it, de- 
feribes equal areas in equal times. 
l ‘ The diftance between the center a (fig. 41) 
and one of the foci c of an elliptical orbit, is 
called its eccentricity. The two extreme points 
of the tranfverfe or longeft diameter, l and v, arc 
called the aplides. If the focus about which the 
••equal areas are deferibed be at c, the point l 
neareft that focus is called the lower apfis, and v 
i* called the upper apfis; the diameter v l being 
called the line of the apfides. But it is more 
common to lay, that a planet is in its perihe- 
lium when at l, and in its aphelium when at tr. 
When the earth is in its pcrihelium, the fun is 
laid to be in its perigee, and when the earth is in 
its aphelium, foe fun is faid to be in its apogee. 
m From the generation of foe elliplis (97, t) it is 
evident, that the whole length of the firing is 
equal to foe tranfverfe diameter: becaufe, when 
foe point a is at u, foe return of the firing from 
v to foe neareft focus c, is exa&ly equal to foe 
part between l and the other focus c, where there 
is no firing. Let oh be foe conjugate, or fhorteft 
diameter of foe dlipfis, and co will be equal to 
half the firing, or half foe tranfverfe diameter. 
Suppofe now a planet to revolve in. the ellipfis 

about the focus c neareft l. Then cl will be 

* 

its neareft diftance, cu its greateft diftance, and 
co its mean diftance. For, co equal to sl, ex¬ 
ceeds 
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ceeds die leaft diftancc cl by die quantity cs, 
which is joft as much as it falls Jhort of cu, the 
greateft didance. If therefore die mean diftancc 
co, and the eccentricity cs of a planet be given, 
its orbit may be defcrihed: becaufe the greateft 
diftancc is equal to the lum of' the eccentricity 
and the mean distance j and the ieaft diftancc is 
equal to their difference. 

The eccentricities of the planets are lb (mail, 
that their orbits approach nearly to circles. 

If the plane of the earth’s orbit were extended 
indefinitely every way, it would mark that circle 
in the heavens which is called the ecliptic, or fun’s 
path. If the orbit of any other planet be fftuated 
in this plane, it will always be feen in the ecliptic, 
whether viewed from the earth or the fun. But 
if the plane of the planet’s orbit be obliquely fi- 
tuated with refpcdfc to that of the ecliptic,, it will 
interfc& it in a line palling through the center of 
the fun, and the planet will never be feen in the 
ecliptic but when in* the points of interfe&ion. 
Thefe oppofite points of the ecliptic are called the 
nodes, and the fine of interfe&ion is called the 
line of the nodes. When a planet erodes the 
ecliptic from fouth to north, the node is termed 
the afeending node; and when it crofles from 
north to the fouthward, the node is termed the de¬ 
fending node. v 

The orbits of all die planets are inclined to the 
ecliptic in fmaU angles. 
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CHAP. V. 

OF THE AFFECTIONS OF THE PLANETS. 

CL Be fuppofing ourfclves in the place of one of 
the ancients who difeovered the order of the pla¬ 
netary fyftem, we have dilplayed in a curfory man¬ 
ner fome of the mofr obvious phenomena, and 
pointed out their natural confequences. What has 
been faid is fuHkient to £hew to thole who are totally 
unacquainted with the fubjedt, that the dcxftrine 
of a lyftem of bodies revolving round the fun is 
not merely ideal, but founded on the moll na¬ 
tural deduction from the celeftial appearances. For 
the proceBes by which the planets places are de¬ 
termined in elliptical orbits, we refer the reader 
to treatifes written exprefsly on the fubjedt, 
and in the mean time proceed to note feveral 
of thofe affedtions of the heavenly bodies, as de¬ 
termined by the accurate obfervations of modern 
times. 

r Seven planets. Mercury, Venus, the Garth, 
Mars, Jupiter, Saturn, and the Georgtum Si- 
dus*, revolve about the fun in orbits included 
within each other, in the order here ufed in men¬ 
tioning their names. Mercury being neared the 

• Tbi* planet was dilcovered in the year 1781, by Wil¬ 
liam Herfcbel, Efq. a native of Hanover. 

Sun. 



PLANETS, SAI'BIXITKS. ^ ia$ 

Sun. Theft: are called primary planets, befidcs 
which, there ,are fourteen which are called fecondary 
planets, ' Moons or Satellites. The fecondary 
planets refpefl the primary planets, performing 
their revolutions about them, but are at the fame 
time carried round the Sun in the orbit of the pri¬ 
mary. Saturn is attended by fevep Moons, J upiter 
by four, the Georgium Sidus by two, and the Earth 
by one, all which, except the laft, ■ are invifible 
to us, by reafon of their fmallneis and diftance, 
unlefs telefcopes be made ufe of. Without this 
inftrument, it would likewife be impoffible to af- 
certain the apparent diameters of any of the celeftial 
bodies, the Sun and Moon excepted. The following 
table exhibits fome of the affections of the primary 
planets. 


Anno 



* tabli Or Tat 


jiS 


\ 

Anno 1784* 

Musviv. 

0 

*■ 

h. 

Vanns. 

- ' -* 

laiTH, 

Create* poffibleekm- % 
gttion of inferior/ 
and parallax of fu-f 
perior planets, - ) 

*8°. ao f 

47 ®- 4 *' 

• * 

Proportional mean <11 -1 
dances from the > 
fun, - - J 


• >4 

7*333 

100000 

# 

Periodical revolutions, 

876. 23 b. 15$ m. 

2246. >6h. 49} m. 

365 d- 6 h. 9-} ro. 

Diurnal rotations - - 

Unknown. 

23 h. 12. m* 

*3 h. 56 m. 04 f. 

Inclination* of their*} 
[ orbits 10 the eclip- > 
He* - -3 

7* so' 

* 

m 

* # * 

Eccentricities, 

7960 

5 ,c 

6x80 

Place of tho afcending 7 
node, - - J 

rf. 15 deg. 46$ m. 

/ 

a f. 14 6.44m. 

* * * 

Place of the sphelium, 

S f. 14 d. 13 rn. 

10 f. 9 d. 3# m. 

9 f. 9 d. 15J m. 

Proportion of axis to 1 } 
the equatorial dia- > 
meter, - * j 

Unknown* 

Unknown- 

2*89 to 2300 

|Created apparent dia-1 
meters, - - j 

i«* 

j?" 

* 

Diameters, if feen at\ 
the fun's mean di- f 
dance, or propur- f 
tional diaragterf, J 

7 " 

x8". 7 

*7 3 

Diaaetera in geogra-v 
phlcal miles} that/ 
of the fun being f 
761490, - ) 


6637 

* 

** 75 * 

Mean diftances from") 
the fun in femidia- > 
meters of the earth, 3 

9a 10 

17*10 

• 

*5799 

Mean diftances from"! 

* the fun In geogro- > 
phical miles, - J 

31671900 

59181700 

81818400 

Proportions of light, -■ 

66B 

• 

191 

soo 
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Mars. 

JPHTIR. 

Saturn. 

GxOROtUU Slavs, 
1782. 

♦7*. *+' 

IX°. 51' 

6*. 29' 

3 *. 4 V 

151369 

520098 

953937 

1903411 

686 d.23 h. 30j*h. 

4332d.8h. 5i{rc. 

10761 d. 14 b. i6£m. 

30445 d. 18 h. 


9 h. 56 m. 

10 h. s6 id. o>4 s. 

U a known. 

i*. 51'. 

*• * 9 i' 

3 °i' 

46' J2 f/ 

14218 

*5i77 

53*63 

4759 

x r. 17 d. 59 m* 

3 f. 8d. 50 m. 

BBSS 

3 f. 13 d. x m. 

5 f. 2 d. 6J m. 

6 f. 10 d. 37 4 m 

9 f. 0 d. 45 Jin. 

11 f. 23 d. 23 m* 

1172 to 1355 

13 to 14 

10 to XI. 

Unknown. 

* 5 '/ 

4 «" 

10" 

4" 

9 vi 

193". 7 

171" 7 

74 "• 5 

3°*7 

76982 

68258 

24* *7 

36262 

113778 

227028 
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CHAP. VI. 

OF PARALLAXES, AND OF THE TRANSIT OF VENUS. 

a 

s One of the moft ufual methods of meafuring 
inatceflible diftances, is by means of two ftations 
whole diftance from each other is know, and the 
angles formed at each ftation between lines fup- 
pofed to be drawn from the diftant objeft to them, 
and the line that joins the ftations to each other. 
Thus die diftancc between a and b (ng. 48) being 
known, as likewife the angles cab and cba, the 
diftance Acorsc may be readily found plane 
trigonometry. 

t Suppofe die obje< 5 V c, when viewed from b, 
(fig. 48) to coincide widi anr^ier object s, which 
is at a diftance indefinitely great; then the object 
c will not appear to coincide with s, when viewed 
from a. For s, on account of its great diftance, 
will be feen in the line as, parallel to bs* and c 
will be leen in die line a c, the angle sac being 
the difference between the apparent places from 
a and b. This angle, becaufe of the parallels a s 
and b s, will be always equal to the angle a c b, 
and is by aftronomers called the parallax. It is 
ufually diftinguifhed by fbme appellation relative 
to the nature of the line ai: for inftance, it is 
called die annual parallax, when a b is the radius 
of the annua] orbit; the diurnal paiallax, when 
a b is the femidiameter of the earth, &c. 


It 
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It is ic^rcely ncccflary to obferve, that Ac longer u 
the line a b is in proportion to the diftance of c, Ac 
greater the angle acb, and that in mod practical 
cafes, the greater the angle the lefs is the diftance 
affefted by any fmall error. It is therefore rcqui- 
fite that the bafe a b be as large as poffible or con- 
venient. 

The diftances of the planets were found by tri- v 
gonometry, the diftance of the earth from the fun 
being aflumed as a bafe. But as that bafe cannot 
adlually be meafured, the diftances are only pro¬ 
portional or relative, the bafe being fuppofed to be 
divided into 100000 equal parts; but whether 
thofe parts be miles, leagues, or anfwer to any 
other denomination of length, was not determined. 
The real diftances muft be difeovered by a paral¬ 
lax whofe bafe is known. 

The diameter of the earth is in general ufed as w 
the bafe for determining die diftances of celeftial 
obje&s by their parallax, which parallax is found 
as follows. > 

Let a o b (fig. 49) reprefent the earth, c its cen- x 
ter, and 2 the zenith or point in the heavens, fituated 
perpendicularly over the point o at its furfacc. Then 
c h will be the rational horizon,' and o k the fenfible 
horizon. Suppofe a fpe&ator at c views a celeftial 
objeft at z, the revolution of the earth will caufe 
it to move apparently through the quadrant t h in 
fix hours, at the end of which time lie will fee it in 
the horizon at h. But to a fpcflator at o>it will ap- 

Vol I. K pear 
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pear in the horizon when at k, after palling through 
the apparent quadrant or right angle z o k, in a time 

as much lefs than iix hours as the arc z k is lefs than 

• / 

z h, or 90 degrees. Hence the time of an objed’s 
pafling between the zenith and fenfible horizon 
being known, the angle okc, or horizontal paral¬ 
lax may be found. For, as fix hours is to 90 
degrees, fo is the time oblerved, to the arc z ic, which 
being taken from 90 degrees, leaves the arc k h 
meafuring the angle kch, which is equal to o kc, 
or the horizontal parallax. 

y The horizontal parallax being difeovered, the 
difiance of the objed follows by this analogy i in 
the triangle okc. 

As the horizontal parallax, fine - - okc 

Is to the earth’s femidiameter - - - 0 c 

So is radius - fine - 90° 

•To the diftance - . - c k 

The fixed ftars have no parallax, either hori¬ 
zontal or even annual, whence it follows, that their 
difiances are beyond all comparifon greater than 
that of the earth from the fun. 
z It is obvioufly unneccflary in obfervations of pa¬ 
rallax to wait till the objed has deferibed the whole 
apparent quadrant z k (fig. 49): for, when it is 
arrived at e, the angle zce may be known from 
the time, and zox from obfervation, and their 
difference will be the angle of parallax oec: fo 
that in the triangle oec are given two angles, and 
the fide o c, from whence the other parts are cafily 
found. 


7 
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Obfervations of parallax are conveniently made b 
by the help of the fixed ftars. Thus, if the object 
e when at z be feen in a given pofition with refpedt 

to a fixed ftar, it will continue to have the fame 

* 

pofition when arrived at e, provided the -fpettator 
be at c; but if the fpedtator be at o it wiil be feen 
deprefled below its former pofition by the quantity 
of the parallax doe, becaule the ftar has no parallax, 
but is feen in the fame apparent place either from o 
or c. 

• • 

The'Sun’s parallax is fb exceedingly fmall, that c 
the beft inftruments in the hands of the molt fkilful 
obfervers, have fcarcely effected more than to fhew 
that it has one. To remedy this, the horizontal d 
parallaxes of the nearer planets have been attempted, 
particularly^of Mars, when in oppofition to the Sun, 
this planet being then as near, again to the Earth 
as the Sun is, and has therefore a parallax twice as 
great. But as this parallax is not found to exceed 
half a minute of a degree, the unavoidable uncer¬ 
tainty of obfervation, and other caufes, render it 
not fufficiently exadt to determine the Sun’s diftance 
within a 30th part of the whole. It is ealy to com¬ 
prehend how the Sun’s diftance may be found when 
the diftance of Mars, from the Earth, in oppofition, 
is known. Thus, if s (fig. 50) be the Sun, e 
the Earth, and m Mars, in oppofition, then e m 
will be the diftance of Mars from the Earth, and 
alfo the difference between m s and e s, or the re- 

fpedlivc diftances of Mars and the Earth from the 

K a Sun. 
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Sun. The proportional diftances are know]#. There-. 
fore. 

As the difference between the proportional dif¬ 
tances of Mars and the Earth from the Sun, . 

Is to the proportional diftance of the Earth from 
the Sun; 

So is the diftance between the Earth and Mars in 
oppofition, or the difference between their real dif¬ 
tances from the Sun, 

To the Earth’s real diftance from the Sun. 
x Several other methods were deviled by the anci¬ 
ents for difcovering the Sun’s parallax, which,' 
though they Ihew the fagacity and penetration of 
their inventors, are lefs fufiicient for the purpole 
than the foregoing. We fhall therefore omit men¬ 
tioning them, and give a Ihort explanation of that 
for which we are indebted to the great Dr. Hal¬ 
ley, by which the diftance of the Sun is determined 
with greater accuracy than by any other method. 
f The planet Venus, as has been Ihewn, paflcs 
die Sun twice in revolving from any pofftion of 
elongation to the lame pofftion again (105, c\ 
At thofe times this planet is faid to be in conjunc¬ 
tion with the Sun. 

c When the planet Venus is fftuated in a line be¬ 
tween the Sun and the Earth, it is faid to be in 
its inferior conjun&ionj and when it is in the oppo- 
ffte part of its orbit, the Sun being in a line between 
it and the Earth, it is faid to be in its fuperior 
conjunction. If the orbits of the Earth and Venus 

were 
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tyere in the fame plane, it is evident that Venus 
would pafs behind the Sun with a dircCt motion 
every fuperior conjunction, and would pafs over 
its*difc, or before it, with a retrograde motion 
every inferior conjunction. But as Venus’s orbit 
is inclined to the ecliptic in an angle of about 
degrees, this planet will, in general, pafs to the 
northward or fouthward of the fun, and will only 
be vifible on its difc when the inferior conjunction 
happens at or near one of the nodes. This hap¬ 
pens but once (or fometimes twice at an interval 
of about 8 years) in more than 120 years. 

To ihew how this tranfit is applied to the pur- h 
pofe of finding the Sun’s diftance, we. fhall pafs 
over thofe elements that enter into the computation 
previous or fubfequent to aClual obfervation, and 
fhall only explain the ’general principles on which 
the method is founded. 

Let s (fig. Jt) reprefent the Sun, e the Earth, 1 
v, u, w» the planet Venus in different pofitions, 
the arc L n a part of the Earth’s orbit, and the arc 
o m a part of the orbit of Venus. Then, becaulc 
the angular velocities of Venus and the Earth are 
known, as alfo their proportional diftances, it will 
be ealy to compute the time Venus will employ in 
pafling through the arc v w, which, when viewed 
from the Earth, is equal to the known diameter 
(or chord) of the Sun c d; the heliocentric value 
or length of the arc v w may likewife be readily 
found. Suppofe then an obferver at a on the 

* Surface. 
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Earth’s furface to view the planet* Venus at v, it 
will appear juft entered within the Sun’s dife at c, 
and pa fling in the arc v w. Will appear to deferibe 
the line c d, arriving at d at the end of the com¬ 
puted time. But during this time the obferver 
will, by the Earth’s diurnal revolution, be carried 
from a towards pj and arriving at p at the lame 
inftant that Venus arrives at u,. will behold the 
traniit juft finilhing at d : confequently it will be 
of a duration proportionally as much Ihorter than 
the computed rime, as the heliocentric arc v u is 
Ihorter than vw. The arc vw is known by com¬ 
putation, therefore, fince Vehus’s motion may in 
very fmall arcs be reckoned uniform. 

As the computed time 
Is to the computed arc vw. 

So is the obferved time 
To the arc - vu; 

which being taken from vw, leaves the arc uw, 
that fubtends the angle udv. This laft angle is 
the parallax of the bafe a pj and the bafe a p is 
found by the analogy 

As one day or 24 hours 
Is to the circumference of the earth (or paral¬ 
lel of latitude) 

So is the obferved time 

To the arc a p, whole chord is the bafe. 

k But bccaufc the minuteft errors in a bufinefs of 
this nature are of very great confluence, and be- 

caule 
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cdufe she length of die arc v w, depending on the 
Sun's diameter, can fcarcely be obtained by calcula¬ 
tion to that extreme degree of exa&nefs, which is 
requifite, it is advifeable to take another obfcrvadon 
on a place fo framed on the earth, that the obferver 
being carried in a direction apparently contrary to 1 
the former, the errors may counteratt each other. 

Let the reprcfcntations be as in the lad figure, l 
I f the fun have declination at the time of the 
tranfit, b (fig. 5a) will reprofent the pole towards 
which the fun declines. The obferver at a, if at 
reft, would behold the tranfit during die time 
Venus pafies from v to w, but being by the Earth's 
diurnal revolution carried from a through the arc 
a e p to p, and arriving at p at the inftant in which 
Venus arrives at u, he will perceive the trapfit 
juft finilhing at D; confequendy its duration will 

be as much longer than the computed time as the 
heliocentric arc v u is longer than v w. v u being 
found by the before mentioned analogy, the dif¬ 
ference between v u and v.w is w u, or the parallax 
of a p, as before. 

Now, in thefe two cafes, a fynilar error will m; 
have a contrary effe£fc in dis firft to that which.it 
has in the latter. For if by any error, the com- . 
puted arc vw (fig. 51) be taken too large, the 
arc u w, and confequendy the parallax will come 
out too great. But? in the latter obfervation, if the 
computed arc vw (fig. 52) be taken too large, 
the arc wu, and confequendy the parallax will 
come out too little* Therefore' the mean between 

JC 4 two 
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two fitch obfervations will be much more to be 
depended on than either fingly. * 

l 

By obfervations on the tranftts of Venus over 
the Sun in the years 1761 and 1769, the Sun’s 
mean parallax was found to be* 84 fecoftds, and 
hence the Sun's diftance is deduced to be very near 
11900 diameters of the Earth, or 81818400 •geo¬ 
graphical miles. 

-The laft three articles in Chap. V.. concerning 

the affections of the planets are deduced from this 

• • 

• diftance j for. 

As the proportional diftance of the earth 
Is to its real diftance. 

So is the proportional diftance of any other 
planet 

To its real diftance. 

** A geographical mile is part of a degree of the earth. 
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CHAP. VII. 

OP THE SECONDARY PLANETS. 

The fecondary planets, as was before obferved, o 
are ten in number, five of which defcribe orbits 
about the planet Saturn, four about Jupiter, and 
one accompanies the Earth. The fecondaries of 
Saturn and Jupiter are obferved by the telefcope, 
and by their motions in elongation to the eaftward 
or weftward of their primaries is obtained the 
knowledge of their difiances and periodical times, 
in the lame manner as has been already (hewn 
and explained in die planet Venus. Saturn 
js likewife attended by a phenomenon, which to 
us appears to be a large broad ring, of no vifible 
thickncfs. Its breadth is equal to its diftance from 
the body of the planet, and its diameter is to that 
of Saturn as 9 to 4. The moft probable conjec¬ 
ture is, that it confifts of a vaft number of fatel- 
Jites, which revolve in, and enlighten that region. 

Of the two moons of the Georgium Sidus, the p 
periodical times: Firft, 8 J iy h i m 19’j Second, ij" 
j i h 5™ 1^. Diftances: Firft, 33" ; Second, 44* 23. 
_0f Saturn’s feven moons, the periodical times: 
Firft, i* 2i h I9 1 *s Second, t* iy h 4i ra ; Third, 4* . 
*3 h 47”5 Fourth, 15“ 22 h 41”i Fifth, 79 d 22 b 
4i m j Sixth, 1* 8 h 53" 9’; Seventh, o a 22^40^. 
^-Diftances in femidiameters of the ring; Firft, 
l T W} Second, 2 A; Third, 3,^-; Fourth, 8-,-^; 
Fifth, 23,%Vi Sixth, 35/058; Seventh, 27/366 

♦ gf 

Of Jupiter’s four moons, the periodical times: 

Firft, 
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Firft, i d 18V a7 m 33*; Second, 3 d 13b 13** 42* j 
Third, 7* 3 h 42“ 33*5 Fourth, i6 d i6 h 32“ 8*. Di- 
ftances in femidiameters of J spite r: Firft 5 ttAtv* 
Second, (jr- er i v » Third, 14 Fourth, 25 -nnnr* 

t All the planets, both primary and lecondary, 
receive their .light from the Sun. This is evi¬ 
dent, becaufe that face only is enlightened which 
is turned towards that luminary, as may be more 
particularly feen in our Moon, a greater or Ids 
part of which is vifible, according to the pofition 
in which we lie for viewing the illuminated face. 
‘ The fame varieties are feen in the planets M^rs 
and Venus, not to mention the tranfits of Venus and 
Mercury over the Sun, at which time they appear 
as black unenlightened Ipots. The phafes of Ju¬ 
piter aud Saturn are always round and full, be¬ 
caufe the Earth is fo near the Sun in relpeft to 
their diftances, that their dark fide can never be 
lenfibly turned towards us; yet, that they are 
opaque, is evident from the difappearirig of Jupi¬ 
ter’s moons when they enter into its lhadow/ And 
though by reafbn of their vaft diftance the like ob- 
feurations of the fatellites 'of Saturn cannot be 
obferved, yet we can plainly fee that the ring cafts 
a lhadow on its body: whence we may be cer¬ 
tain of the opacity of both: for if the ring were 
not opaque it could caft no lhadow, and if Saturn 
(hone by any native light of his own, the inter¬ 
ception of the Sun’s light would caufe no deleft 
or lhadow on his body. It is unnecefiary to ob- 
ferve, that the Earth and its Moon are illuminated 

1 

only on that part or fide on which the Sun ihines. 

When 
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When one planet intercepts any part of the Sun’s s 
light from another, the planet from which the 
light is intercepted is faid to be eclipfed, if it be a 
fecondary, But if they are both primaries, the in¬ 
ferior planet is faid to make a'tranlit. When the. 
moon intercepts the Sun’s light from the Earth, it 
is ufual to fay the Sun is eclipfed, though, properly 
Ipeaking, it .is the Earth that is eclipfed. 

There are three ways in which the fatellites of t 
Jupiter or Saturn may 1 difappear from an obferver 
placed on the Earth. Thus, let s (fig. 53) repre- 
fent the Sun, e the Earth in its orbit, j the pla¬ 
net Jupiter and its moons. Then the outermoft 
fatellite, for example, will difappear on the enlight¬ 
ened face of Jupiter when at its inferior conjunc¬ 
tion jw. It will alfo difappear at its fuperior 
conjunction n, being hid behind the body of the 
planet. And laftly it will difappear when at o, 
being eclipfed in palling through the Ihadow of 
Jupiter. 

From thele confidcrations is obtained a good u 
method of finding the parallax of the Earth’s annual 
orbit. For which purpofe the inftant of the fatel- 
lite’s firft dilappearance behind the body of Jupiter 
mull be carefully obferved, as likewife the inftant of * 

i 

its re-appearance: the middle inftant will be that 
of the fuperipr conjunction at n. In like manner, 

the middle-inftant of the eclipfe at o muft be found. 

«■ 

The time the fatellite employs in palling through 

the arc n d will thus be known, and confequendy 

• \ 

the angle n j o. For, 


As 
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As the periodical time of the latellite 
Is to the time of palling the arc sr a. 

So is the whole orbit of 360 degrees 
To the angle n jo. 

But the angle n j o is equal to the. angle ejs, ctr 

t , 

the annual parallax. 

v By the obfervations of thefe cclipfes, the difcoverjr 
of the longitude on ffiore is eafily obtained, but the 
violent motion of fhips at fea has hitherto prevented 
the ufe of telefcopes on board proper for this purpofe, 
tiro ugh there are good reafons to believe that this 

w difficulty is not infurmountable, From thefe obfer- 

• • 

» rations it alio appears, that light is not propagated 
from luminous bodies in an inftant, but paffes 
through a given ipace with an alfignablc velocity. 
This velocity is extremely great, for it pafles through 
the whole diftance between the Sun and the Earth 
in about eight minutes; that >s to fay, at the rate 
of one hundred and feverity thoufand miles in a 
fecond of time. For the periodical times *>f the 
fatellites being known, it is nor difficult to deter- y 
mine the precife time of any of their cclipfes. But 
it is found neceffary to ‘make an allowance for the 
pafitionof the Earth with refpeft to Jupiter, fince 

the eclipfes happen fooner when the Earth is at f, 

/ » 

(fig. 53) in its orbit, than when at a greater dif¬ 
tance, fuppofe at e; and as it is abfurd to fup- 
pofe, that the poll cion 6f die Earth ffiould fenfibly 
and equally affe£fc the periodical revolutions of 
bodies fq vaftly remote, and revolving in fuch dif¬ 
ferent periods, it is an opinion univerfally received, 

f and 

\ 
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* t 

and confirmed by other obfervations on the light 
of the fixed ftars*, that the eclipfes happen later 
when the Earth is at e than when at f, becaufe the 
■ light muft in the latter,cafe pafs through a fpace as 
much greater as the line j e exceeds j f. 

* 

CHAP. VIII. 

« 

OF THE MOON. 

That the Moon revolves round the Earth, is x 
proved from its apparent diameter, which continues 
at all times, and in all pofitions, nearly of the 
fame magnitude, whence it may be eafdy inferred, 
that its difiance from the Earth is nearlv a: all times 
the fame. Its horizontal parallax, v hicii at a me¬ 
dium is about 57, fhews that it is very much nearer 
to us than the reft of the celeftial bodies. 

The moft remarkable appearance in the Moon is v 
the continual change of figure to which it is iubjefl. 
Sometimes it appears perfectly full or circular, at 
other times half-illuminated, and at other times 
more or lefs than half; changing through a very 
great variety of figure*. Thefe changes being always 
the fame at the fame elongation from the Sun, are 
a proof that it receives its light from that luminary: • 
for the Moon is enlightened only on the fide that 
faces the Sun; and a greater or lefs quantity of that 

enlightened part is vifible to us, according to our 

» • 

m 't'he aberration of the fixed (tars arifing from the pro^ref- 
iive motion of \vl!t be explained in Book II. Sc£t. I. 

1 pofition. 



LUNAR PHENOMENA. 


pofition. This cannot be better ill 11ftrated than by 
an ivory ball, which being held in the Sun in vari¬ 
ous pofitions, will 'prefent a greater or Ids part of 
its illuminated fide to the-view of the obfervcr. 
If it be held nearly in oppofition, fo that the eye 
of the obferver may be almoft immediately between 
it and the Sun,' the greateft part of the enlightened 
fide will be feen. But if it. be moved in a circu¬ 
lar orbit towards the Sun, the vifible enlightened 
part will gradually decreafe, and at laft difappear 
when the ball is held dircftly towards the Sun. 
Or, to apply the experiment more immediately to 
our prefent purpole; if the ball at any time, when 
the Sun and Moon are both vifible, be held directly 
between the eye of the obferver and the Moon, 
that part of the ball on which the Sun fhines will 
appear exactly of the fame figure as the Moon 
itfelf. 

2 The Moon’s path or orbit is inclined to the plane 
of the ecliptic, in an angle of about five degrees and 
a a quarter. Its periodical revolution is performed 
in twenty-feven days, feven hours, forty-three mi¬ 
nutes, eleven fcconds and a half; but bccaufe, 
during that time the Sun, by its apparent motion, 
advances confiderably in the ecliptic, a fpace of 
about two days and a quarter is required by the 
b Moon to overtake it. When the MoOn is as nearly 
in a line between the Earth and the Sun as the in-, 
clination of its orbit will allow, it is called the New 
c Moon; and when the Earth is in like manner 
between the Moon and the Sun, the Moon is faid to 

be 
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be foil. The rime between two fucceeding foil d 
moons is called the fynodical revolution, and 
exceeds the periodical revolution, for the reafon 
already given, it being performed in twenty-nine 
days, twelve hours, forty-four minutes, and three 
feconds. If the new' or full Moon happen near the e 
node, an eclipfe takes place; at the new Moon, 
the Moon being interpofed between the Sun and 
Earth, occafions an eclipfe of the Sun; at the full, 
the Moon entering into the fhadow of the Earth, is 
deprived of the Sun’s light, the Earth being inter¬ 
pofed between it and the Sun: which phenomenon 
is called a lunar eclipfe, or eclipfe of the Moon. 

At other times, that is, when the new or full Moon 
happens at a diftance from the node, the Moon paries 
too far to the northward or fouthward of the eclip¬ 
tic, either to intercept the Sun’s light from the 
Earth, or to enter the Earth’s fhadow, and confe- 
quently no eclipfe happens. 

It is determined from obfervations of angular f 
velocity, parallax and apparent diameter, that the 
Moon revolves round the Earth in an elliptical 
orbit, in the focus of which the Earth is placed: 
and that its velocity is fuch, that a radius joining 
its center with that of the Earth docs very nearly 
deferibe equal areas in equal tim^s. . * 

' The line of the apfidcs, or principal diameter o 
of the Moon’s orbit, is not fixed or ftationary, but 
revolves with an irregular or libratory motion from 
weft to eaft: compleating one revolution in almoft 
nine years. 


The 
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* * * . 

h The line of the nodes is alfb fubjeCU to a like 
irregular motion from eaft to wcfti which is com¬ 
pleted in almoft nineteen years. 

i The variation of the Moon’s motion in any - 

* 

part of its orbit is me difference between its real 
motion and that which it would have had, pro¬ 
vided it had deferibed equal areas in equal times: 
This is governed chiefly by its elongation from 
the Sun. During the firft quarter its velocity is 
diminiihed; in the fecond quarter, from the qua¬ 
drature to the oppofition or full Moon, it is in- 
creafed; in the third quarter, from the opppfition 
to the laft quadrature, the velocity is again dimi- 
nifhed; -and from that quadrature to the con¬ 
junction, its velocity is again increafed. The 
quantity of angular motion loft exceeds the quan¬ 
tity gained: therefore the whole periodical revolu¬ 
tion is performed *in a longer time than would have 
been employed if'the Moon were fubjeCl to no 
fuch' variation, but deferibed equal areas in equal 
times. 

k This variation, and confequently the retardation 
of the periodical time, is greater when the Earth is 
in the perihelium, and lefs when the Earth is in 
the aphelium: whence ft comes to pafs, that all 
the Moon’s revolutions are not equal, but are per¬ 
formed in lefs time in the latter fituation than in 
% 

tbei former. 

i On all thefe, as well as other accounts, the de- 

f • i 1 

termination of the Moon’s place in the heavens 
for a given inftant of time has ever been a pro- 

3 blem 
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blem of great difficulty, which till of late years 
has not been fblved to any confiderable degree 
of exadtnefs. Within the laft twenty years the 
commiffioners, appointed by the Englifh govern¬ 
ment for the difcovery of the longitude, have par¬ 
ticularly attended to this branch of aftronomy, and 

by publilhing almanacs in which the Moon's elon- 

* 

gation from the Sun, and from certain fixed ftars, 
is afcertained for every three hours, have enabled 
navigators to determine the fituation of fliips at fea 
in general within thirty miles of the truth. This 
is an advantage of Angular ufe in long voyages, and 
is at prefent much ufed in the royal navy, and Eaft 
India Company’s Ihips. 

C H A P. IX. ' 

CONCERNING THE ECLIPSES OF THE SUN AND 

MOON. 

We have feen in what manner the periodical re¬ 
volutions of the celt dial bodies, together with the 
figure, magnitude, and pofition of their orbits, 
may be refpedtively determined by obfervations 
made on their apparent motions and fituations.’ 
From die properties of the ellipfis, and the efta- 
blilhed law of their velocities (121, k.), or other- 
wife, more immediately from the confideration of 
gravity <(98, w, x), aitronomical tables are com¬ 
puted, by which the places of the heavenly bodies 
may be found for any inftant of time. The con- 
Vol. I. L Itruftion 
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ftru&ion and ufe of thefe would lead us too far 
from the concife ‘ and exterior view of phenomena 
that our limits require: We fhall therefore affume, 
M as a thing granted of courfe, that the place of any 
celeftial body may be found for any given inftant 
of time. 

n The eclipfes of the Sun and Moon are pheno¬ 
mena that command the attention even of the 
vulgar, who have always retained a fupcrftitious 
veneration lor the fcience of aftronomy, chiefly 
on account of the means it affords of foretelling 
events of this nature. And though in reality the 

knowledge required in calculating an eclipfe does 

* 

not eflfentially differ from that employed in deter¬ 
mining the time of the riling and fetting of the 
, Sun or Moon, yet there is no doubt but a more 
particular attention to this fobjedl will be accept¬ 
able to the reader. 

o As the fhadows of the Moon and Earth are the 
caufes of eclipfes, it will be neceffary firft to deter¬ 
mine the figure of thofe fhadows. Becaufe the Sun, 
the Earth, and the Moon are Ipherical bodies, it 
follows that the fhadows of the two latter muft be 
p either conical or cylindrical; that is to lay (fig. 54), 
if the Sun 1 k be lefs than the Earth c d, the fhadow 
of the latter will be part of a cone, whole feftion 
is terminated by the lines c e, p f, and whole bale 
is indefinitely diftapt: or, if the Sun a b be equal 
to. the Earth cd, the fhadow will be a cylinder 
' between the lines cc, dh, whofe bale is indefi¬ 
nitely diftant. In either cafe the lhadows of the 

Earth 
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Earth may cqnfequently fall upon and eclipfe the 
fuperior planets, when in diredl oppofition to the 
Sun. But this never happens, and therefore the Sun 
is neither left than, nor equal to, the Earth, but 
greater. We know moreover, from the Sun’s pa¬ 
rallax (136, n), that it. is much greater than the 
Earth, becaufe the Sun’s diameter feen from the 
Earth is about 32 minutes, whereas the Earth’s q. 
diameter feen from , the Sun is (126) only about 
17 feconds, a quantity that may be regarded as 
infenfiblc, or inconfiderable in many obfervations. 
And fincc the Sun exceeds the Earth in fo high a r 
proportion, it muft of neceffity be yet greater with s 
regard to the Moon, becaufe this laft is left than 
the Earth. Let ab (fig. 55) reprefent the Sun 
greater than the Earth c d. The rays of light ac, ed, 
pafiing from the extreme edges of the Sun, and in 
con cadi with the Earth on the fame fide, will after¬ 
wards meet or crofs in the point k. No part of 
the Sun’s light will appear within the cone ckd, 
which is therefore the fliadow in which an obferver, 
being placed, would be totally deprived of the Sun. 

But there will be a partial fhadow or penumbra 
between thofe rays a d m, bcl, that paft from the 
extreme edges of the Sun, and touch the oppofite 
extremes of the Earth: that is to fay, an obferver 
between the lines c l and d m, but without the dark 
cone ckd, will fee only a part-of the Sun, the reft 
being hidden by the intcrpoficion of the Earth: the 
quantity of the Sun thus obfeured will be greater, 
and the penumbra darker, the nearer the obferver is 

L 2 placed 
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placed to the cone c k d. Laftly, if the obferver 
be fituated beyond the vertex of the dark fhadow k, 
between the lines km, k o, formed by the continua¬ 
tion of the extreme rays, he will behold the exte¬ 
rior parts of the Sun forming a lucid ring, envi¬ 
roning the Earth on all tides. 
t The angle ckd, at the vertex of the Earth’s 
tiiadow, is equal to the difference between the 
diameter of the Sun, fcen from die Earth or angle 
acb, and the diameter of the Earth feen from the 
Sun, or angle cbd*. Or, if die Earth’s apparent 
diameter from the Sun (147, O be rejected as 
• inconfiderable, the angle of the fhadow will be 
equal to the Sun’s apparent diameter, 
u The angle c 1 d, at the vertex of the penumbra, 
is equal to the fum of the diameter of the Sun feen 
from the Earth, or angle acb, and the diameter 
of the Earth feen from the Sun or angle cad: or, 
if the Earth’s apparent diameter from the Sun 
(147, q^) be rejected as inconfiderable, the angle 
of the penumbra is equal to the SUn’s apparent 
diameter. 

v The apparent diameter of any fe&ion e f, of the 

fhadow, fuppofed to be viewed from die Earth, 

namely, the angle edf, is equal to the excefs of 

* 

# Euclid I. 32. is repeatedly ufed in what immediately fol¬ 
lows: that is to fay, in any triangle b c k, the outward angle 
acb formed by prolonging one of its fides, is equal to the 
fum of the two inward oppofite angles ckd, cbd: and con¬ 
sequently, that ohe of the two laft-named angles, or c k d, 
will be equal to the difference between the external angle 
acb and the other interior oppofite angle cbd. 


the 
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the Earth’s apparent diameter feen from the place 
of fedtion, namely, the angle ced, beyond the 
angle at the vertex of the lhadow ckd: or, if.the 
angle of the lhadow (148, t) be taken as equal to 
the Sun’s apparent diameter, the apparent diameter 
of any fedtion of the lhadow leen from the Earth 
will be equal to the difference between the appa¬ 
rent diameters of the Sun and Earth, as leen from 
the place of fedtion, this laft diameter being greateft. 

The apparent diameter of any fedtion g h, of the w 
penumbra, l'uppofed to be leen from the Earth, 
namely, the angle g d h, is equal to the fum of the 
Earth’s apparent diameter feen from the place of lec¬ 
tion, namely, the angle c g d, added to the angle at 
the vertex of the penumbra c 1 u. Or, if the angle 
of the .penumbra (148, u) be taken as equal to 
the Sun’s apparent diameter, the apparent diameter 
of any ledtion of the penumbra feen from the Earth 
will be equal to the fum of the apparent diameters 
of the Sun- and Earth, as feen from the place of 
fedtion. 

Every thing that has been here Ihewn relpedting x 
the lhadows of the Earth is true in like circum- 

llances of the Moon (i47> s). 

To apply thefe obfervations to the faidts, let a b y . 
(fig. 56) reprefent the Sun, c d the Earth, and 
1 k or l the Moon in its orbit k.mn; let the Moon 
be at 1 k, between the Sun and Earth; its total 
lhadow may then entirely deprive a part of the 
Earth at o of the Sun’s light, a&d its penumbra 
will caufe a partial eclipfe of the Sun to the inhabi- 

L 3 tants 
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z tants between g and h. Again, fuppofe the Moon 

to be at l, and it will irielf be eclipfed by the inter-' 
, pofition of the Earth between it and the Sun. In 
lunar eclipfes, the Earth’s penumbra is not attended 
to, becaufe its effects in obfcuring the Moon cannot 
be obferved with precifion by a fpedtator placed 

on the Earth. 

• * 

a It has already been obferved (143, e), that eclipfes 

■* 

can only happen when the Moon is near one of the 

W t 

nodes of its orbit. Let abm (fig. 57) reprefent 
the Sun, viewed from the Earth, c d a portion of 
the ecliptic, or Sun’s apparent path, and e f a part 

r 

of the orbit of the Moon; which planet is repre- 
fented at different times by the circles c, h; i. It 
is evident, that the eclipfe or obfcuration of the 
Sun entirely depends on the pofition of the node 
n, and the angle of inclination fnd. If the angle 
of inclination remain unaltered while the node n 
is very remote from the center k of the Sun, the 
points k and l may be farther apart than to permit 
any occultation or apparent contact; and it is clear, 
that an enlargement of the angle fnd may produce 
the fame effeft: on the contrary, an approach or 
coincidence of n with k, or a diminution of the 

* t , 

angle fnd may caufe an eclipfe, the quantity of 
obfcuration in which will be fo much greater, as 
thefe circumftances are more prevalent. 

The Sun’s place k in the ecliptic (146, m) being 
known from tables, together with the inclination of 

ll.a ^ J / 1 , , f * 

the Moon's orbit, tne place of the node, and of 
the Moon ltfelf, as like wife the apparent diameters 
4 of 


B 
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of the luminaries refpe&ively, it will be eafy to 
find the velocity of the Moon in elongation, and 
confequently the beginning, middle, end, quantity 
of obfcuration, and other requifitcs concerning the * 
eclipfc. If the computation be made from the ta- c 
bular places of the heavenly bodies, the refult will 
give the eclipfe as feen from the center , of the Earth, 
becaufe, in all tables where the Earth is fpoken ofj 
that center is meanti except otherwife mentioned. 
But it is required to determine the particulars of the d 
eclipfe for a given place on the Earth’s furface, and 
this includes the confideration of parallax. The 
Sun’s parallax being very minute (136, n) may in 
this, and molt other cafes, be rejected: but the 
Moon’s parallax is fo great, that it is at lead of as 
much confequence as any other element whatfo- 
ever. For, on this account, the Moon’s apparent 
path, as feen from the furface of the Earth, is fo 
different from that which it would have when beheld 
from the center, that the fame conjunction which 
gives a total eclipfc at one place fhall not occaffon 
the fmalleft obfcuration of the Sun when beheld at 
the fame inftant from another part of the Earth. 

This method of computing a fplar eclipfc is very e 
operofe. For the Moon’s parallax at any time pad * 
or to come cannot be had without finding its al¬ 
titude by lpherical trigonometry, and other com¬ 
putations muff then be made to deduce the ap¬ 
parent poffdons of the Sun and Muon with their 
relative velocity, and fo forth. Ana becaufe the 
altitude of the Moon is continually changing, it is 

L 4 ncccflary 
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necefiary to repeat the computations of paral- 
f lax from time to time. To render this bufinefs 
lefs tedious, it has been found expedient to con- 
. fider the phenomena of folar eclipfes as they 
yrould appear to an obferver placed on the Moon. 
LetAB (fig. 58) reprefcnt the Earth, feen from 
the Moon, under an angle of about i° 54', or 
double the Moon's horizontal parallax (14T, x). 
the line c d a portion of the oppofite part of the 
Moon’s orbit in which the Earth is feen, the circles 
‘g, h, 1, fhadowj of the Moon, that on account 
of their always being diametrically oppofite the 
Sun, will be found to fenfe in the ecliptic, efpe- 
cially when the Moon is near the node. The patli 
fe of the fhadow will therefore make an angle 
* r n d with the line c i.>, c A ual to the inclination 
of the Moon’s orbit, and the interfedlion n will 
be as far diftant from the center of the Earth as 
the node is heliocentrically from the center of the 
Moon. Now the motion of the Earth, in the 
line c d, is equivalent ■ to the Moon’s apparent 
motion in its orbit feen from the Earth, and the 
motion of the fhadow is equivalent to the Sun’s 
motion in the ecliptic. Confequently, the center 
of the Earth and fhadow of the Moon may be 
projected as feen from the Moon. The diameter 
of the dark fhadow, k, l, or m, feen from the 
Moori, will be equal to the excefs of the Moon’s 
apparent diameter beyond that of the Sun, when 
both are feen from the Earth (148, v. 149, x\ the 
Moon’s apparent diameter being greateft, but if 

V 

It 



ECLIPSES. 153 

% 

it be the lcfs of the two, the fhadow will not 
reach the Earth. The diameter of the penum¬ 
bra, g, h, or 1 , feen from the Moon, will be equal 
to the fum of the apparent diameters of the Sun 
and Moon, feen from the Earth (149, w, x). 
With thefe data the eclipfe may be conftructcd 

univerfally. 

But in conftru&ing the eclipfe for a particular 
place, the rotation of the Earth on its axis muft 
be brought into confideration. For while the 
fhadow pafles over the Earth’s dife, a given place 
p will be carried round in irs parallel of latitude, 
and may likewifc be marked in the projection for 
any inftanc of time. When the place enters the pe¬ 
numbra, the eclipfe will begin there; when the place 
and the center of the fhadow are the near eft, the ob- 
feuration will be greatest, and when the penumbra* 
leaves the place, the eclipfe will end. If there be 
a dark fhadow, and it pafifes over the place, the 
eclipfe will be total. If there be no dark fhadow, 
anil the place fiiould pais within the penumbra to 
a depth exceeding the Moon’s apparent diameter, 
the Sun will be fecn environing the Moon on all 
Jides; whence the eclipfe is faid to be annular 
(148, s). And, in general, in any folar eclipfe 
that is not annular, the diftance of the place with¬ 
in the penumbra will meafure the greateft fe&ion 
or part of a diameter of the Sun obfeured at that 
inftanc, and the line joining the cufps, or angular 
termination of die apparent part of the Sun, will 
be at right angles to the meafuring line or dia¬ 
meter. 
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meter, of which the meafuring line reprefcnts a 

part. 

We are now to confider an eclipfe of the Moon. 
It is evident, that the difference in die phenomena 
of a folar eclipfe would not take place if the par- 
rallax of each luminary were the fame; becaufe, 
whatever mutation of place the parallax might oc- 
cafion in the one, the fame would be produced in 
the other, and they would neither approach nor re¬ 
cede from each other on that account. Now the 
fbftion of the Earth’s fhadow paifed through by 
the Moon in a lunar eclipfe, being at the fame 
diflance from the Earth as the Moon itfelfj muft 
be fubjeCt to the fame parallax at equal altitudes; 
and fince the individual points of immerfion, emer- 
fion, or other periods of thr eclipfe muft in the 
fhadow have the fame altitudes the parts of the 
Moon they, as it were, lie on and obfcure, the ef- 
fe< 51 s of parallax muft be the fame on both. Re¬ 
jecting therefore the confideration of parallax, the 
Earth’s fhadow a b (fig. 59) may be taken to oc¬ 
cupy a place in the heavens diametrically oppofite 
the Sun, and having an equal and fimilar motion 
to the apparent motion of that luminary, its ap¬ 
parent diameter, feen from the Earth, will be equal 
to the difference between the apparent diameters of 
the Earth and Sun, as feen from the Mcon (148, v). 
Or it will be equal to twice the horizontal parallax 
of the Moon diminifhed by the fubtraCfcion of the 
Sun*s apparent diameter. And if the inclination of the 
orbit of the Moon be found, there will be a certain 

diftance 



ECLIPSES. 155 

diftance of the node n from the center of the lhadow 
c, that will require the Moon near the oppolitlon 

it 

to pals through the Earth’s lhadow, and be con- 
fequently eclipled. From the greater or lefs di¬ 
ftance of the node s, or m, it will be determined 
whether the eclipfe will be partial or total; and 
from the refpe&ive places, the quantity and direc¬ 
tion of the relative velocity, together with the ap¬ 
parent magnitudes of the lhadow and the Moon, 
all the particulars of the eclipfe may be known 

without difficulty. 

0 

It may with great reafon be demanded, how it 1 
happens that the Moon, which is affirmed to emit 
no light of itfclf, but only by reflection of the Sun, 
is neverthelefs fuffkiently luminous, even in the 
very middle of a total eclipfe, to be diftin&ly fecn 
of a dufky reddifh color. The Earth’s atmofphere, 
or body of air that furrounds it, is the caule of 
tins phenomenon. In fatt, the lhadow of the k 
E arth iifelf never extends fo far as the Moon’s or¬ 
bit, though the lhadow occafioned by the dilper- 
fion or reflection of the light that falls on the at- 
mofphere may, with a very fmall allowance, be 
taken for the lhadow which the Earth would have 
had if the light had palled clofe by it without in- . 
terruption. We cannot with regularity explain the 
refraftion of light in this place. It will therefore 
be fulHcient to obferve,. that in the event now under 
confideradon the Sun’s light falling obliquely on 
the atmofphere, is bent or turned out of its courle 
lo as to converge fooner to a point, than it would 

other wife 
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otherwife have done ; the fpherical atmofphere per¬ 
forming, in fome meafure, the office of a large 
convex lcn e , or burning glafs. The more obliquely 
the rays fall, the greater is their deviation from 
their original coutfe ; and thofe rays that pafs clofe 
to the Earth are found, by obfervations on the 
fetting Sun and other heavenly bodies, to fuffer a 
refraction of about 33 minutes of meafure. The 
laws of optics, hereafter to be explained, require 
that they flvould undergo an equal refraCtion in 
palling out through the oppofite part of the at- 
l mofphere. Each exterior ray of the real lhadow 
will therefore pafs 66 minutes within the rays 
that would have formed the cone c k. d, fig. 5 5. 
and confequently, the angle at die vertex of the 
cone will be 132 minutes, ora''. 12 greater than 
it would have been; that is, it will be equal to 
the diameter of the Sun 32 (148, t), added to 
m 2 °. 12, which gives a°. 44'. Hence the axis of 
the cone, or length of the lhadow, is found to be 
no more than 42 femidiameters of the Earth; where¬ 


as the radius of the Moon’s orbit, or mean di- 
ftance of the Moon, is about 60 femidiameters 


n of the Earth. In the fpacc between the penumbra 
and the Earth’s real lhadow it is much darker than 


the penumbra, though that fpace is illuminated by 
the rays of the Sun, which are varioufly refraCted, ac¬ 
cording to the denfity of the air they pals through. 
Many rays are reflected back, and the rays that go 
forward are fuch whofe nature does not admit of 


their being cafily reflected. We are to Ihew in 

future 
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future that thefe are the red, orange, and yellow. 
Hence it is that the Moon in an ecliple appears o 
red? and a fpe&ator on the Moon would, after 
lofing fight of the Sun, behold the Earth envi¬ 
roned with a narrow luminous edge of bright red 
light, (haded off with yellow on the outfide. 

Since the Earth, when beheld from the Moon, r» 
muft always appear in the part of the heavens im¬ 
mediately oppofite the Moon’s apparent place 
as feen from the Earth, the enlightened fide of the 
Earth will have the lame figure, when feen from 
the Moon, as the dark fide of the Moon would 
exhibit if it could be feen at the fame inftant from 
the Earth. Thus, when the Moon is invifible, or 
near the conjunction, the Earth is in oppofition, 
and prefents a full luminous free to the Moon; 

and on the contrarv. when the Moon is at the 

* " 

full, or oppofite the Sun, it mud be on the dark 
fide of the Earth, which confequently then be¬ 
comes invifible. Near the beginning of the firft 
or end of the lad quarter, the dark fide of the 
Moon is rendered vifible by the full Earth lhining 
on it, but is fearerly fo luminous as the Moon 
when cclipfed. The Earth’s dife, feen from the 
Moon, is about thirteen times that of the Moon 
feen from the Earth. If the Earth reflected as 
great. a part of the light that falls on it as the 
Moon does, its light at the Moon would exceed 
the moon-light with us in that ratio. This, how¬ 
ever, is not probable, though it may fairly be fup- 
pofed that it is three or four times as great. But 

we 
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we have already obferved that the Earth’s atmos¬ 
phere, in a lunar eclipfe, illuminates the Moon 
rather more than this. Whence it follows, that 
the narrow ring of light encircling the Earth, 
when feen frdm the Moon during an eclipfe, gives 
a light far exceeding our moon-light at the full, or 
even that of the Earth’s full face fhining on the 
Moon: and as the furface of the ring, by compu¬ 
tation, can hardly equal the one hundredth part 
of the Earth’s difk, or the one eighth part of the 
Moon’s difk, its brightr*fs will be more than 
twenty-four times that of the Moon. It mufl con- 
iequently be very luminous and dazzling. 

Notwithftanding this, there have been cclipfes 
of the Moon, when in that part of its orbit near 
the Earth, in which that luminary entirely difap- 
peared. But thele obfervatiens are very rare. 


CHAP. 
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CHAP. X. 

OF COMETS; AND O* THE PROPORTION OF LIGHT 

AND HEAT ON THE PLANETS. 


Besides the feven piimary planets already enu- r. 
merated, and their moons or attendants, there are 
other bodies that revolve round the Sun, and claim 
peculiar dill:in< 5 lion on leveral accounts. Thefe are 
called Comct c , and appear occafionally in every 
part of the htavens; thtir motions being perform¬ 
ed in very long ellipflo, whofe lower focus is in 
or near the Sun. By obfervations of parallax it is s 
found, that at their fi.rO appearance they are nearer 
to us than Jupiter; whence it is concluded, that 
they are moll ommoniy lift, than that planet; for 
if they weie as large as Saturn, they would be leen 
as far ofF. 

When a comet arrives within a certain diftance t 
of the Sun, it emits a fume or vapour, which is 
called its tail. This lhews that they contain a por¬ 
tion of matter confiderably more rare and volatile * 
than any on the Earth; for the tail begins to ap¬ 
pear while they are yet in a higher, and confe- 
quently colder region than Mars. The tail is al¬ 
ways directed to that part of the heavens which is ' 

directly 
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diredtly or nearly oppofite to the Sun; and is 
greater after the comet has paft its perihelium, than 
during lfs approach towards it; being greateft of 
all at the time when it has juft paft the perihe¬ 
lium. 

u That part of a comet’s orbit which comes un¬ 
der our obfervation is fo frnall in proportion to 
the whole, that in moft it does not differ from a 
parabola, by quantities that obfervation can diftin- 
guifh: for which reafon the dimenfions of their 
orbits and periodical times cannot be determined 
with any degree of precifion from a finglc appear- 
v ance. But from the re-appearance of comets after 
long intervals of time in the fame region of the 
heavens, and moving in the fame curve, it is de¬ 
cided that diey revolve about the Sun in very long 
or eccentric ellipfes; being governed throughout 
by the fame law of deferibing equal areas in equal 
times, which* is found to take place in the inferior 
part of their orbits. The comet that appeared in 
the year 1661 was feen before in the fame orbit, 
and under the fame circumftances in the year 
1532: which fhews its period to be 129 years. 
So likewife, the comet that appeared in the years 
1456, 1531, 1607, 1682, and 1759, is deter¬ 
mined to revolve in a period of about feventy-fix 
. years. And that very remarkable comet which 
was obferved in the year 1680, is fhewn to be the 
fame with that which appeared in the year 1106 j 
its period being 57 5 years. 


The 



GREAT NUMBER Of COMET*. l6l 

* 

The number of comets is very much greater w 
than that of die planets which move in thevtcinity 
of the Sun. From the reports of former hiftorians, 
as well as from the oblervations of late years, it is 
afeertained, that more than four hundred and fifty 
have been feen previous to the year 1771; and 
when the attention of aftronomers was called 
to this objqft by the expectation of the return of 
the comet of .1759, no fewer than feven were ob- 
ferved in the courfe of fcven years. From this 
circumftanct, and the probability that all the comets 
recorded in ancient authors were of conftderable 
apparent magnitude, while the ftnaller were over¬ 
looked, it is reafonable to conclude, that the num¬ 
ber of comets is confiderably beyond any eftima- 
tion that might be made from the obfervadons 
we now pofiefs. But the number of comets whole x 
orbits are fettled with fufficient accurflcy to afeer- 
tain their identity when they may appear again *is 
no more than fifty-nine, reckoning as late as the 
year 1771. The orbits of molt of thefe are in- v 
dined to the plane of the ecliptic in large angles, 
and the greater number of them approached nearer 
the Sun than the Earth ever does. Their motioife z 
in the heavens are not all in the order of the 
figns, or direfb, like thole of the planets: * but the 
number whofe motion is retrograde is nearly equal 
to that of thole whofe modon is direCt. 

It is not neceflary in this woik, to enter fully a 
into the confideradon of final caules; more par¬ 
ticularly as the fubjeCt has embarraffed the greateft 

Vol. I. M mctaphyficians. 
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metaphyficiaiis, and may with juftice be faid 
to be too extended for the human powers. In 
every thing we fee, the phenomena confidcred 
fwgly, are neceflary confequences of certain ge¬ 
neral laws, to which the univerfc appears to be fub- 
je&ed, but when they are confidcred in a collec¬ 
tive view, a certain relation, or fitnefs for pro¬ 
ducing feme general effe&s, is feen, which by no 
means depends on the fame laws, and by analogy 
is referred to the operation of an intelligent agent. 
To illuftrate this by an example, of the fimplefi: 
kind, we may obferve, that in thcwell-known in- 
ftrument called feiflars, it follows necefiarily from 
the laws of motion, already explained in the me¬ 
chanical powers (60, o. 67, h), that the blades 
Will cut or divide certain fubftances expofed to their 
action i but if we confider .the various circumftances 
that co-operate in producing this effect, we muft 
difdaim all reafoning from analogy before we can 
refolve their connexion into an effect of thofe laws, 
without fuppofing the agency of an intelligent being 
as t^e caufe of their union, and concluding' that it 
was intended they fhould jointly concur in one pur- 
pbfe. It is to this being that we refer, ip order 
to decide, why the (harp edges were made on the 
inner, rather than on the outer, part of cadi blade: 
why the other extremities have annular termina¬ 
tions : why the inftrument is made of fieel rather 
than kadi and ib forth. The purpofcs or mo¬ 
tives which determine the a&ions of intelligent 
beings, and produce their effedts .in a manner fimi- 
4 1 lar 
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lar to die operation of the laws of nature or pro- 
perties of matter,' in cafes where thought is not fup- 
pofcd to be concerned, are called final caufea. 

In the works of nature we behold enough of ex- b 
quifite contrivance, andtcan lee far enough into 
many final cattles to convince us that the arrange¬ 
ment of the tmiverfe has been made, and probably 
is ftill occafionally adjufted, by a being whofe in¬ 
telligence and power is immenfely beyond that 
which we pofiels. To judge properly of his in- c 
tendons, or in other words, to be equal to the talk 
of exploring the fcience of final caufcs, requires no 
left than a perfect knowledge and recolle&ion of 
evqy purpofe to which die objcfts around us may 
be applied, together with a clear concepdon of 
the ideas of fitnefs and order that form the proto¬ 
types in the mind of that great being who directs their 
modons. Thefc confiderations (hew the abfurdity d 
of attempting to explain the final caufes of every 
event we fee, but they by no means require that 
we fhould neglc& them in cafes where we have 
reafbn to believe we undcrftand the phenomena, 
and have fufiicient experience to be allured that 
we difeern the principal, or at leaft one of the 
principal purpofes to which things may have been 
deftined. Thus, it is fcarcely to be imagined that 
we can err in concluding, that the eyes, ears, legs, 
wings, and other parts of animals were made for 
the purpofes of feeing, hearing, walking* flying, 
and the like. Neither can we avoid inferring, that 
the power who conftru&ed living creatures with 

M 2 mouths. 
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mouths, teeth, and organs to digeft and afrimi- 
late food for their nutriment, did likewife form 
other organized bodies, which we call vegetables, 
for the exprefs purpofe of affording that food. It 
is needle fs to multiply inftances. We cannot avoid 
feeing them every moment, and their effect is fo 
ftriking, that we are. infenfibly forced from ana-, 
logy to allow the eXiftence of a final caufe in 
all cafes, whether we are able to difeover it 
or no. 

On this ground, an enquiry into the final caufes ' 
of the planetary bodies offers itfelf^o our confide- 
ration. The, earth is fhewn to be a planet in cir- 
cumftances very limilar to the other five: we know 
its final caufe—-to fupport a number of inhabi¬ 
tants. And by analogy, we may conclude, that 
the others are allb habitable worlds $ though from 
their different proportions of heat it is credible, 
that beings of our make and temperature could not 
live upon them. However, even that can fcarcely 
be affirmed of all the planets: for the warm eft cli- 

m 

mate on the planet Mars is not colder than many 
parts of Norway or Lapland are in the fpring or 
autumn. Jupiter? Saturn, and the Georgium Si- 
dus, it muft be granted, are colder than any of the 
inhabited parts of our globe % The greateft heat 
om the planet Venus, exceeds the heat fh the ifland 
of St. Thomas -on the coaft of. Guinea, or Suma- 
tra, in the Eaft Indies, about as much as the heat 

a 

in thole places exceeds that of the Orkney iflands, or 
that of the city of Stockholm in Sweden: there¬ 
fore. 
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fore/ at 6 b degrees north latitude on that planet, 
if its axis were perpendicular to the plane of its 
orbit, the heat would not exceed the greateft heat 
of the Earth, and of courfe, vegetation like ours 
might be there carried on,' and animals of the fpe- 
cies on Earth might fubfift. If .Mercury's axis 
be fuppoled to have a like pofhion, a circle round 
each pole of .about 20 degrees diameter would enjoy 
the fame temperature as the warmer regions of the . 
Earth,, though in its hotteft climate water would 
continually boil, and moil: volatile compounds 
would be parched up, deftroyed or diffipated into 
vapor. But it is not at all neceflary that the planets 
ihould be peopled with animals like thofe on the 
Earth: the Creator has doubdefs adapted the in* 
habitants of each to their fituarion. 

From the obfervations that have juft been made, 
a better nodon may be formed of the proportions of 
heat on the planets than can be conveyed by num¬ 
bers. It will not however be remote from our pur- 
pofe to compare the light erf’ the fuperior planets 
with that of our day, from whence it will appear, 
that they are by no means in a ftate. of darknefs, 
notwithftanding their great diftance from the Sun. 
This might be inftanced by feveral different me¬ 
thods, as by the Sun’s light admitted into a dark 
chamber, and received on paper With different de¬ 
grees of obliquity; by a greater or lefs number of 
candles brought into a room for the purpofe of 
illuminating it with different proportions of light; 
or by various optical methods that need not be 

e a 
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here defcribed. It 'will be fufficient for the illu- 
fixation of the fubjed to compare their different 
proportions of light with that of a moonfhine night 
at the time of the full. 

o When the Moon is vifible in the day-time, its 
light is fo nearly equal to that of the lighter thin 
clouds, that it is with difficulty diftinguifhed 
amongft them. Its light continues the fame during 
the nightj but the abfence of the Sun, fuffering 
the aperture or pupil of the eye to dilate itfelf, 
renders it more confpicuous. It therefore follows, 
that if every pajt of. the fky were equally luminous 
with the Moon’s difc, the light would be the fame 
as if in the day-time, it were covered with the 
thin clouds above-mentioned. This day-light is 
confequently in proportion to that of the Moon, 
as the whole furface of the fky, or vifible bemifphere, 
is to the furface of the Moon j that is to fay, near- 

h ly as 90,000 to i. The light of the Georgium 
Sidus beiiig to that of the Earth as 0.176 to 100, 
will be equal to the effed of 248 full Moons. The 
light of Sapim will be equal to that of 990 full 
Moohs: Jupiter’s day will equal the light of 3330 
Moons, and that of Mars will require 3 8,7.00, a 
number fo great, that they would almoft. touch 
one another. It is even probable, that the Comets, 
in the moft diftant parts of their orbits, enjoy a 
degree of light much exceeding moonfhine. 

1 If the Comets be habitable they muft be pof- 

fefled by creatures very different from any we 
• * 

have been ufed to behold and confider. There may, 

however. 
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however, be other ales for which it is probable 
they may have been formed: the matter that compofcs 
their tails mud foil in procefs of time to the Sun Or 
the neareft planet that may pais through it, where 
it may fupply defeCts, and anlwer purpofes which 
pur total ignorance of its properties foarcely allows 
us even to conjecture. In the Sun it may lerve to 
recruit the wafte of matter that luminary may fufFer 
by the conftant emiffion of the particles of light. 
Alter a great number of revolutions, die refiftance 
of the Sun’s atmofphere, and a concurrence of 
circumftances, may occalion the comet itfelf to ap¬ 
proach the Sun, and at length foil into it,. and 
become a part of its body. 


CHAP. XI. 

»• 

or THE TELESCOPIC APPEARANCE OP THE MOON. 

The obfervations which might conform the k 
hypothelis of planetary worlds feem to be placed 
beyond our power. We can foarcely htfpe to 
make optical inftruments fufficiently perfect to , 
render their inhabitants vilible to us. The grols * 
air that {unrounds us, is a great impediment to 
the ufe of thofc we already poUefs, and limits their 
perfection to a certain degree, beyond which we 
cannot pafs. All, therefore, that We can do, is 
to examine if the. planets are accommodated with 
thofc things which we are ufod to con Oder as 

M 4 ncceffary 



Of THE MOOHV 


t68 

neceflary to animal cxiftcncc. Lands, Teas,, clouds, 
vapours, and an atmofpliere or body of air, 
are objects that we may expert to -find on the 
face of a habitable world: it is our prefent bu- 
finefs to relate what has been done in this re- 
fpe£t. 

l The Moon being fo very near us, and likewife 
in the fame temperature as to light and heat, of¬ 
fers itfelf as the fitteft body for examination. We 
difeern a variety of fpots with the naked eye, 
which the imagination naturally fuppofes to be 
Teas, continents, and the like; but on a more ac¬ 
curate inlpedion, with the affiftance of the telef- 
cope, it is perceived that many of thofe appear¬ 
ances are occafioned by vaft obfeure pits or cavi- 
ties, and elevations or mountains. The heights of 
thefe mountains may eafily be found; for by the 
horizontal parallax we know that the Earth’s appa¬ 
rent diameter, feen from the Moon at its mean dis¬ 
tance, is i ° 54' (132, x) or 6840 feconds, while that 
of the Moon feen from the Earth at the fame di fiance 
m is 31 ' <i$"y or 18^9 feconds. Their abfblute dia¬ 
meters mufl therefore be in proportion to thefe 
* numbers. Confequently, if we find the proportion 

the height of a lunar mountain bears to the Moon’s 
% _ 

diameter, we may, without difficulty, find the quan¬ 
tity of that height in miles or other terreftrial dimen- 
. lions. 

n Thefe mountains and cavities are known to be 
fuch from their fhadows. In the firfl and fecond 

* 

quarters, when the Sun fhines obliquely on the face 

of 
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of the Moon, the elevated parts caft a triangular 
lhadow in die direflion from the Sun; and,✓on the 

t 

contrary, the cavities are dark on the fide next the 
Sun, and illuminated on the oppofite fide. The 
fhadows fhorten as the Sun becomes more direftly 
oppofed to the anterior face of the Moon, and at 
length dUappear at the time of the full. During 
the third and laft quarters, the fhadows appear 
again, but all fall towards die contrary fide of the 
Moon, though ftill with the fame diftin&ion, name¬ 
ly, that the mountains are dark and fhady on the 
fide furtheft from the Sun, and the pits are dark on 
the fide next the Sun. The fame deduction is obtain¬ 
ed by contemplating the inner illuminated edge of 
the Moon. If the Moon were a perfect fphere, this 
edge would be a regular curve, but if its furface be 
diverfified by hills and cavities, it is evident that the ' 
higher parts muft be enlightened fooner, and the 
cavities later than the reft of the furface. This is 
accordingly the. cafe, and affords a method of ob¬ 
taining the heights of the mouutains. 

To render the explanation eafier, we fhall fup- o 
pofe the Moon to be in its quadrature, and the 
mountain to be fituated near the Moon’s apparent 
center. 

Let the circlfc abdg (fig. 61) reprefent the 
Moon, whofe center is c; and e the Earth: then a 
fpe£tator at e will fee the Moon enlightened in the 

half a o d, and the line e c will pafs through a, or 

\ 

the inner enlightened edge. The ray of light sab 
touching the Moon at a, will crofs the line e c at 

right 
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right angles, and illuminate the top of the moun¬ 
tain b. The angle abb is found by obfervation, 
then in the triangle aeb, 

As the no-fine of the obferved angle - aeb 
I s to the Moon’s diftance - - ae, 

So is the fine of the obferved angle - aeb. 
To the fide or line - - . a b. 

Then in the right angled triangle c a b, the fides 
c a and a b being known, the fide c b is found from 
the well known property (Euclid I. 47); that is 
to fay, the fquare of tne Moon’s femidiameter c a 
being added to the lquare of the line a b, the fquare 
foot of the fum is the fide c b. And if the femidi- 
' ameter of the Moon c f be taken from the line c b, 

the remainder is fb, or the height of the mountain. 

» * « 

B From obfcrvations of this kind* it appears that 
the lunar mountains are much higher in proportion 
to its radius than any we have upon the Earth. 
Herlchel has obferved feveral volcanos in thele 
mountains. 

‘ -That the Moon is furrounded by an atmofphere 

s 

or body of air, is rendered probable by many ob¬ 
fervation s of folar eclipfes, in which die limb or 
edge of the Sun was obferved to tremble juft be- 
. fore the beginning. The planets likewife are 
obferved to change their figure from round to oval 
juft before the beginning of an occultation behind 
the Moonj which can be attributed to no other 
caufe, than that their light is refra&ed, bring feen 
through the Moon's atmofphere. Many aftrono- 
mers are of opinion, that the Moon has no atmo¬ 
fphere. 
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fphere, bccaufe we fee no clouds, and becaufe the 
fixed ftars di appear at once at the time of an oc¬ 
cupation without any gradual diminution of light, 
which they fuppofc ought to take place. Bht if we 
confider the effedt of days and nights near thirty 
times as long as with us, we may readily grant that 
the phenomena of vapours and meteors may be 
very different: perhaps their clouds and rain, if 
any, may be condenfed into vifible quantities, only 
during the abfence of the Sun, and if fo, it is no 
wonder that we never fee them. With refpedfc to 
the fixed ftars, it is plain, that granting the Moon 
to have an atmofphere of the fame nature and quan¬ 
tity as ours, no fuch effedt as a gradual diminution 
of light ought to take place, at leaf!: as to fenfe. 
Our atmofphere is found to be fo rare at the height 
of 44 miles, as to be incapable of adting on the 
rays of light. This height is the 180th part of the 
Earth’s diameter; but fince clouds are never ob- 
ferved higher than four miles, we muft conclude, 
that the vaporous or obfeure part is but the 1980th 
part. The mean apparent diameter of the Moon 
is 31 ; 19", or 1889 feconds; therefore, the obfeure 
part of its atmofphere, when viewed from the Earth, 
muft fubtend an angle of lefs than one fecond, which, 
fpace is palled over by the Moon in lefs than two fe- 
conds of time; a fpace and time fo fhort, that it can 
hardly be expedted that obfervation can in general 
determine whether the fuppofed obfeuration takes 
place or not. 


It 



172 MOON'S ATMOSPHERE. 

% 

it It, muft, however, be allowed, that the Moon's 

atraofphere, if it has one, is certainly much left 
confidtrable than that of the Earth. For there is fel- 
dom any appearance, in an eclipfe of the Sun, of the 
remarkable phenomenon (158, qj» that the Earth’s 
atmofphere is {hewn to produce in a lunar eclipfe*. 

s The Moon turns round on its own axis once in 
the time of its periodical revolution. This is evi¬ 
dent, becaufe the lame fare or fide is conftantly 
turned towards us. For a fpedtator on the Moon 
will fee the Earth carried rhrough every part of the 
ecliptic in the courfe of one revolution; and as the 
fame face of the Moon is conftantly tui towards 
the Earth, it muft be fucceflively turned to every 
•part of the ecliptic to which the Earth apparently 
moves. But if it be fucccflivcly turned to eveiy 
part of a great circle in the heavens, it muft revolve 
on its axis. By this flow rotation, it appears, that 
the inhabitants of the Moon have but one day and 
night in the courfc of a month. 

T This rotation on its axis is the moft uniform 
motion the Moon has; but its uniformity occaftons a 
leeming irregularity, which is termed the libration. 
For as the Moon’s motion in its orbit was (hewn to 
. be not uniform ( 143, f) the effeft it has in turning 
its face from the Earth is likewife fubje<ft to the fame 
irregularities; for inftance, in the fwifteft part of 
the revolution, its morion in its orbit turns its face 

t 

* 

* See Philofophical Ti an fact ions, Anno, 1779, for an ac¬ 
count of the fo’ar eclipfe of June 24, 1778, in which this 
appearance has fecn by Don Antonio Ulioa. 
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from the Earth fomething more than the rotation 
on its axis turns it the other way, and therefore it 
appears to have a fmall motion on 4 its axis towards 
the eaft, by which fome of tlje more wcftern parts 
are brought to view, and an equal portion of the 
eaftern limb difappears. In the flower part the 
contrary is fecn> for then the rotation on its axis 
prevailing, brings the weftern parts into view, and 
the eaftern difappear. This is called libration in 
longitude. 

There is another kind of libration that arifes v 
from the Moon’s axis being inclined to the plane of 
its orbit, by which means fbnsetimes one of its poles, 
and fometimes the other, is inclined towards the 
Earth. In confequence of this, we lee more or Ids 

* 

of the polar regions at different times. This is 

* 

called libration ift latitude. 
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CHAP. XII.- 

OP THE TELESCOPIC APPEARANCES OF THE SUN 

AND THE PLANETS. 

v The Sun is not without fpots on its difc, but 
they are feldom fo large as to be feen by the naked 
eye. When viewed with a teleicope, the eye be- 
k ing defended by a piece of coloured or fmoked 
glafe, they are found to appear in various forms and 
numbers. The larger fpots, moft of which exceed 
the whole Earth in apparent magnitude, la’ft a con- 
fiderable time; fometimes three months before they 
difappear, at which time they are generally con¬ 
verted into faculse, or fpots which exceed the reft: of 
die Sun in brightnefs. They are of no conftant 
figure, frequently changing during the time of 
obfervation, and fometimes one dividing into fe- 
veral fmaller ones. In general they confiftof a nu¬ 
cleus or central part, much darker than the reft, 
which is forrounded by a miftinefs or finoke. The 
‘ general opinion concerning them is, that they are 
oceafioned by the fmolce and opake matter thrown * 
* out by volcanos or burning mountains of immenfe 
magnitude; and that when the eruption is nearly 
ended, and the finoke diftipated, the fierce flames 
are expofed and appear as faculae, or luminous 
ipots. But Dr. Alexander Wilfon of Glafgow has 
eftablifhed from obfervation,' that moft, if not all 
’ the Ipots, are excavations in the luminous matter 
V ' ; ■ that 
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that environs the body of the Sun, probably to no 
great depth*. At prefent (anno 1779)'they are 
often feen to the number of thirty or more, but 
there have been periods of more than feven years, 
in which none have been .obferved. 

All the fpots of the Sun have an apparent motion w 
from eaft to weft, which is quicker when they are 
near the central regions than when near the limb. 
This proves that the fun revolves on its axis from x 
, weft to eaft, and likewife that its figure is fphericaL - 
The period, as obferved by Cafiini, is 25 days 14 t 
hours, 8 minutes. From the line of the motion of 
the f]3ots, which is fometimes ftrait, l>ut oftener 
curved or elliptical, it is difeovered that its axis is 2 
not perpendicular to the ecliptic, but inclined, fa as 
to make an angle with the perpendicular pf about 
feven degrees and a half. 

The zodiacal light is attributed to the lolar atmo- a 
iphere. This remarkable phenomenon accompanies 
the Sun. When it begins to appear before fun-rife, 
it leans at firft light like a fains and almoft imper¬ 
ceptible, whitifh light, rdembling the milky-way, 
and ill-terminated, which is almoft confounded with 
the twilight that is feen commencing near, the ho¬ 
rizon. It is then little elevated, and its termination . * 
may iometimes be difeerned in a conic or conoidal 
form. In lhort, its figure agrees with that of a very 
flat or lenticular lpheroid feen in profile.', As it 
gradually rifes above the horizon it becomes,bright¬ 
er and larger to a certain point, that may be call- 
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ed its maximum, after which the approach of day 
renders it gradually lefs apparent, and at laft invi- 
fible. The direftion of its longer apparent axis is 
obferved to be in the plane of the Sun’s equator) 
but its length is fubjeft to great variation, io that 
the diftance of its fummit from the Sun varies from 
45 0 to even iao°. Thefe great differences in mag¬ 
nitude and brightncfs may perhaps depend confider- 
ably on fome, yet unknown, circumftances in our 
atmofphere. It is ufually feen to the greateft ad van- . 
cage about die folftice. 

a It has been fuppofed, that this atmofphere is the 
** caule of the afeent of the vapor which forms the 
tails of the comets, and which is always carried to 
that part of the heavens which is oppofite the Sun. 
But the direction of diefe vapors may perhaps be 
determined by the aflion of the parades of light. 

emitted from the Sun. , 

c The planet Mercury is at all times fo pear the 
Sun, that we can only diilinguifh with the telefcope 
a variation in its figure, which is fometimes that of 
a half Moon, and fometimes a little more or lefs 
than half. Whence it follows, diac its form is 
globular, and that it receives all its light from the 
• Sun. 

i> The planet Venus, when viewed through the 
telefcope, has a very pleafmg appearance. At the 
time of its greateft elongation it appears like the 
Moon in the quadratures; one half of its dife being 
enlightened. In the inferibr part of its 01 bit, as its 

elongation defreafes, the enlightened part becomes 

lefs, 
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iefs, appearing falcat^f^jP^med; after palling the 
inferior conjunction, the "planet is again lech horned* 
but the illuminated *pdtt tb« 5 t)*ercafei 5 , and at the 
greateft elongation, haA^ms^mm^mrAccn enlight¬ 
ened. In ttie fuperiOr as its elon¬ 

gation decreafes, its teat; bec<w||fc^pore full and 
round, till the fuperior which time 

it is again dmumfhed l»y fhk Ijdlfoa gradation as its 
increafe whi in the farmer cafe accompli filed. 
There is no-* difficulty in accounting for this variety 
phaies, Jt being occafioned by the different pofi- 

r ith reipedt to the Sun and Eai th: 



face of Venus muft of courle 
or facing the Sun, it will be 
«iorr or tc« v^Wc^to us according to our fituarion 
4 |!varioys times.' « 

The. fti> face of Venus is dlverfified yith lpots like s 
our Moon, by the motion of which it is determined, 
that it revolves on its axis from weft to call in the 
£occ of twenty-three hours. When the air is in a 
good ftate for this kind of obfervatioqs, mountains 
like thofe in the Moon may be difeerned, with a 
very powerful telefcope. Late obfervartions of 
Hcrfchel have however rendered tliefe accounts 


uncertain *. 

The face of the planet Mars is always round and v 
full, as its fuperior fituarion requires, excepting at 
the time of die quadtatore, or elongation of cjo de* 
gree9, when a fmalt pait of the unenlightened herai- 
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fphere being turned towards us, its difc appears like 
the Moon about three days after the full. 

c By the fpots on Mars, its diurnal revolution is 
afcertained in the dire&ion from weft to eaft. 
From the ruddy and obfcure appearance of this 
planet, as well as from other appearances, it is con¬ 
cluded, that its atmofphere is nearly of the fame 
denfity as that of the Earth. Mr. Herfchel h2s 
obferved, that two circles furrounding the poles of 
this planet are very white, and luminous, probably, 
from fnow lying there. 

H We have already had occafion to fpeak of the 
fatellites. of Jupiter and Saturn. The^pnual paral- 
lax of thefe planets is not confidtrable enough to 
bring any fenfible part of their dark hemifpheres to¬ 
wards us in any pofition of elongation; confe- 
qucndy their faces are always round and full. 

i The telefcopic appearance of Jupiter affords a 
vaft field for the curious enquirer. It is in gene¬ 
ral encircled with one or more obfcure belts or 
bands parallel to the plane of its orbit, and confe- 
quently to each other. Thefe are not regular or 
conftant in their appearance. They have been 
feen to the number of five, and during the time 
of obfervation two have gradually diiappeared. 
Sometimes but one is feen; and fometimes, when 
the number is more confiderable, one or more,dark 
fpots are formed between the belts, which increafe 
till the whole is united in one large dufky band. 
The fpots of Jupiter are the brighter parts of its 
furface, and are not permanent,, though more fo 

7 than 
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than the belts; yet it is found that they re-appear 
after certain unequal intervals of time. The remark¬ 
able fpot, by whole motion die rotation of Jupiter 
on its axis was determined, difappeared in 1694, 
and was not feen again till 1708, when it re-appearetl 
exa&ly in the fame place on its furface, and has 
been occafionally feen ever fince. 

It has been conje&ured, that thefe belts are k 
feas, and that the variations obferved both in 
them and the fpots arc occafioned by tides, which 
are differently affefted, according to the pofitions of 
his moons. It is probable, however, that they are 
in its atmofphere. If an obferver, pofiefifed of fkill 
and patience equal to the talk, would delineate the 
phafes of Jupiter for the fpace of a periodical revo¬ 
lution, noting at the fame time the pofitions of his 
fatellites, this opinion might be either eftablifhed 
or rejefted: but at all events fuch a feries of obfer- 
vations could not fail to throw great light on the 
fnbjeft. 

The very great diftance of the planet Saturn, and r. 
the tenuity of its light, do not permit common ob- 
fervers to diftinguifh thofe varieties which it is pro¬ 
bable are on its furface. Herfchel’s telefcopes 
fhew belts on its furface. Thefe are generally pa- - 
rallel to the ring. Saturn is found to revolve 
on an axis perpendicular to the plane of the ring, 
and its diameter is • fhorcer than that which is 
meafured in the plane of the ring in the pro¬ 
portion of 10 to 11. The ring itfelf is inclined - 
to the ecliptic; in confequence of which, its ap- 

N a parent 
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parent figure is continually varying. When the 
line of its nodes points dire&ly towards the 
Earth, the ring, prefenting its edge to the obfer- 
ver, becomes invifible to common telefcopes: if the 
fame line points direftly towards the Sun, the ring 

becomes invifible for want of illumination: and 

» 

laftly, if the plane of the ring paffes between the 
Sun and the Earth, the ring cannot then be feen, 
becaufe its dark fide is towards us. At all other 
times its figure is that «f an oval, which is broader 
or narrower accordingly as the line of the nodes is 
farther from or nearer to the above pofitions. 


CHAP. XIII. 

or THE LENGTH OF DAYS AIO NIGHTSJ AND OF 

THE SEASONS. 

M We have feen that every planet which is accef- 
fible to obfervation has a revolution on its axis; the 
intention of which is, undoubtedly, to give alter¬ 
nate night and day to every part of their furfaces. 
An inclination of the axis of any planet to the axis 
of its orbit, by caufing the length of days and the 
intenfity of heat to vary, will occafion a viciflltude 
of feafons. On this account Jupiter, whofe axis is 
nearly perpendicular to the plane of its orbit, has 
equal days and nights on every part of its furface at 
the fame time, the days being four hours and jtwen- 
ty-eight minutes, and the nights of the fame length. 
But the planets Mars and 5 Venus, whofe axes are 

inclined 
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inclined to the planes of their refpedtive orbits, 

■ have each an annual change of feafons and length 
of days. The Earth, for the fame reafoh, has a 
firtiilar viciffitude, the explanation of which will 
render it unneceffary to enlarge on the circumftances 
of the other planets. 

For this purpofe it will be ufeful to define thofe n 
imaginary circles, which aftronomers and geogra¬ 
phers have invented for the purpofes of methodizing 
and facilitating the communication of fcience. 

On the Earth, a great circle, fuppofed to be o 
drawn at an equal diftance from each pole, is termed 
the Equator: left circles drawn parallel to the 
equator are called Parallels of Latitude; and great 
circles interfering the equator at right angles, and 
confequently pafling through the poles, are called 
Meridians. But when the meridian of a place is 
fpoken of, it is ufually underftood to be a femi- 
circle palling through the given place, and termi¬ 
nating at the poles. The other half which com¬ 
pletes that whole circle, is then called the oppofite 
meridian. 

In the heavens, a great circle, parallel to the p 
equator, is termed the Celeftial Equator; but the 
lefs circles parallel to it are called Parallels of Decli- 
narion; and the great circles interfering it at right 
angles, and palling through the celeftial poles of 
the Earth, are called Hour Circles, or circles of 
right afcenfion. 

The ecliptic is that great circle in the heavens, 
in which the Sun defcribes its apparent annual 

N 3 courfc; 
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courfe: lefs circles, drawn parallel to the ecliptic, are 
called Parallels of Latitude; and great circles inter- 
feding it at right angles, and confequently patting 
through its poles, are called Celeftial Meridians. 

B. The horizon is that great circle which divides the 
vifible or upper hemilphere from the lower. If this 
circle have the eye of the obferver for its center, 
it is called the Senfibk Horizon; but if its center be 
that of the Earth, it is termed the Rational Horizon. 
To this laft all aftronomical obfervations are reduced 
or applied; the former being only confidcred as one 
of the parallels of altitude. Left circles, parallel to 
the horizon, are called Parallels of Altitude, if above, 
hut of Deprettion, if below the horizon, and the 
great circles interfering it at right angles, are call¬ 
ed Azimuths. 

s The point of the heavens, which is immediately 
above the obferver, or is elevated 90° above the 
horizon, is termed the Zenith; the oppofite point 
immediately beneath, or at 90° of deprettion below 
the horizon, is termed the Nadir. 

t Latitude on the Earth is an arc of the meridian, 
contained between a given place and the equator. 
11 is meafured in degrees and minutes of the meri¬ 
dian. In the heavens it is an arc of the celeftial 
meridian, contained between a given place and the 
ecliptic. 

v Longitude on the Earth is an arc of the equator,, 
contained between the meridian patting through a 
given place and the firfl; meridian. It .never ex¬ 
ceeds a femicircle. The firfl; meridian on the Earth 
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is arbitrary; but the English aftronomers in general 
reckon from that which partes through the obfcrva- 
tory at Greenwich. Longitude in the heavens is an 
arc of the ecliptic, contained between a given me¬ 
ridian and that which paflcs through the firft point 
of the conftellation Aries; the faid point being 
always at the weftern extremity of the arc. 

Right afcenfion is an arc of the celeftial equator, v 
contained between a given hour circle and that which 
pafTes through the firft point of the conftellation 
Aries; the faid point being always at the weftern 
extremity of the arc. Declination is an arc of the 
hour circle, contained between a given place and 
the equator. 

The circle which divides the enlightened hemi- w 
iphere of a planet from its dark hemifphere is called 
the Terminator. It may in moft cafes be confider- 
ed as a great circle. 

Let n es Q»(fig. 62 and 63) reprefent the Globe x 
of the Earth, and c the Sun; then the circles- n m s, 
n m s, &c. will reprefent the meridians interfering 
the Equator £ o^at right angles, and palling through 
the poles n and s. The lines pp, pp, &c. will re¬ 
prefent the parallels of latitude; and the line c m 
will reprefent the plane of the Earth’s orbit. 

Now it is evident, tjiat it is day at any given r 
place on the globe, fo long as that place continues 
in the enlightened hemifphere; and that when by 
the diurnal rotation it is carried into the dark hecni- 
fphere it becomes night; twilight not being here 
confidered. And from the contemplation of figure 

N 4 .63, 
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6 j, it,appears, that if the poles be fituated in the 
terminator, the terminator will divide each of die 
parallels into two equal parts, and confequently, 
fince the uniform motion of the Earth caufes any 
given place to deferibe equal parts of its parallel in 
equal times, the days and nights will be equal on 
every parallel of latitude; that is to fay, all over the 
globe, except at the poles, where the Sun will nei¬ 
ther rife nor let, but continue in the horizon. 
z But if, as in figure 62, the axis be not placed in 
the plane of the terminator, the terminator will di¬ 
vide the equator into two equal parts; but the pa¬ 
rallels which are fituated towards the enlightened 
pole will have a greater part of their peripheries ih 
the enlightened than in the dark hemifphere: while 
fimilar parallels towards the other pdle will have a 
like greater part of their peripheries in the dark 
hemiiphere. Whence it follows, that the firft- 
mentioned parallels will enjoy longer days than 
nights, and the contrary will happen to the latter, 
they having Ihorter days and longer nights; while 
nt the equator the days and nights continue equal. 
All this is evident from the figure, where it is 
jdfo obfervable, that the difproportion is greateft 
in the greater latitudes; and that places, whole 
diftance fr om the pole is Ids than that of the pole 
from the terminator, muft enjoy either a conftant 
day or conftant night, the rotation of the Earth 
' never carrying them into the oppofite hemifphere. 

In this pofition of the axis the inhabitants on the 
pne fide of the equator may be faid to enjoy fum- 

mer, 
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mer, and thofe on the other fide winter with refped 
to each other. For the long duration of the Sun 
above the horizon muft occafion a proportionally 
greater degree of heat, and its longer ahience from 
places fituated in the other hemifphere muft have 
the contrary effect. 

But this is not the only caufe of the difference of b 
heat at the different places. A Ipeftator at g, which 
is 90° diftant from the terminator, will have the 
Sun in the zenith; a Ipe&ator at t will fee the Sun 
in the horizon; and, for every intermediate dis¬ 
tance, the arc of a great circle comprehended be¬ 
tween the terminator and the place of obfervation 
will be the meafure of the Sun’s altitude. There¬ 
fore every parallel between <3. and the enlightened 
pole will have the meridian altitude of the Sun in- 
creafed, by the angle n m t, beyond what it would 
have been had the pole continued in the plane of 
the terminator: and every place between o^and the 
dark pole will have the Sun’s meridian altitude di- 
miniihed by the fame quantity. Between g and <3^, 
the former altitude thus increafed, making a fum 
greater than 90°, the altitude muft be meafured 
by its complement. And between s and t 1 the 
altitude will be a negative quantity, or beneath the . 
horizon. This difference of the altitudes of the 
Sun muft caufe an increafe of heat towards the 
enlightened pole, and an equal diminution towards 
the dark pole. For the greater the Sun’s altitude, 
the more direftly its rays fall on any furface; and c 
in furfaces of the fame magnitude the quantity of 

light 
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light received by each is as the fine of the angle 
of obliquity with which the rays fall *. 
d It remains to be ihewn, that thefc relative fix¬ 
ations of the axis and the terminator take place at 
different times of the year, with refpeft to the 
Earth; which being proved, the vicifiitude of fea- 
fons mull follow as a neceflary confequence. 

£ In fig. 6 5. Let c reprefent the Sun, abdg 

the Earth’s orbit, nearly circular, but which being 
viewed obliquely, appears like a long ellipfis, of 
which let the part b d be fuppofed ncareft the lpec- 
tator. And let the four circles, diftinguilhed by 
the months March, June, September, and De¬ 
cember, reprefent the Earth in four feveral parts 
of its orbit, n s being its axis. 
t Obfervation Ihews, that the axis of the Earth 
always preferves very nearly the fame pofition with 
refpedt to the fixed liars; being inclined to the 
axis of its orbit in an angle of about 23 i degrees. 
It will not therefore prel'erve the fame relative po¬ 
fition with refpedl to the terminator. For when 
the Earth is in the fituadon diftinguilhed by the 

• Let the line a b (fig. 64) reprefent a furface, on which 
the column of light u oa b falls perpendicularly. A fur. 

' face a c, of the fame magnitude, receiving the light oblique¬ 
ly under the angle jck, will intercept only fo much as 
-would have fallen on the fpace a e and another furface a d, 
receiving the light ftill more obliquely under the angle l d m, 
will intercept only fo much as would have fallen on the fpace 
a r. But the fpaces or lines A E and a f are the fines of the 
angles of obliquity jck and l d m ; whence the proportion 
ts evident. 


month 
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month March, its axis will at that time be in the 
plane of the terminator, and confequendy the days 
and nights will be equal all over the globe ( 183, y ): 
but when by its annual motion it is carried towards 
a, the north pole n, the axis (till preferving its poli- 
tion or continuing parallel to itfelfi will advance 
into the enlightened herniiphere, and in the month 
of June will be 23^ degrees diftant from the ter¬ 
minator, as in the fcheme, the fouth pole being 
at the fame diftance in the dark hemifphere. There¬ 
fore in the month of June the northern parts will 
enjoy long days and fummer, while the fouthern 
parts have fhort days and winter (184, 2). 

During the interval between the time of equal e 
days and nights in March, which is called the 
vernal equinox, and the time when the day is 
longeft in June, which is called the fummer fol- 
ftice, the north pole will have defcribed a quarter 
of a circle in the enlightened hemifphere with re- 
Ipedt to the terminator, and confequently will be 
at its greateft diftance from it. From that time 
it will, by delcribing the other quarter, approach 
the terminator, the days gradually fhortening till 
the Earth arrives at the pofition denoted by the 
month September, when, the axis again coinciding * 
with the plane of the terminator, the days and 
nights will be equal. This is called the ahtumnal 
equinox. During the next quarter the north pole 
will delcribe a quarter of a circle in the dark he- 
jmlphere, and the days will fhorten till December, 
when the pole will be juft as far within the dark 
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as in June it was in the enlightened 'hemifphere,' 
which time is called the winter folftice. From the 
winter folftice to the vernal equinox, the days will 
lengthen as the pole approaches the terminator; 
and at the inftant in which the axis again coin¬ 
cides with its plane, the natural year, confiding of 
365 days, 5 hours, 48 minutes, and 45^ feconds, 
is finifhed. 

« It is eafy to conceive, by applying the fame ex¬ 
planation to the fouth pole inftead of the north, 
that the inhabitants of the fouthern hemifphere 
have the fame viciftitudes, though not at the fame 
time; for it is winter in one hemifphere while it 
is fummer in the other, &c. &c. 

1 As the pole n (fig. 62) advances in the en¬ 
lightened hemifphere, the Sun will be in the zenith 
of a place g, as far diftant from the equator, as 
the pole is from the terminator; therefore the 
greateft latitude at which the Sun can be vertical 
is 23^. degrees. The parallels of latitude on the 
Earth of 231 degrees N. and S. as allb the cor- 
refpondent parallels of declination in the heavens, 
are called the Tropics, becaufe the Sun when it 
arrives at them afterwards returns towards the 
, equator. The Sun, when it arrives at the northern 
tropic, is juft entering the lign Cancer, and when 
it arrives at the fouthern tropic is juft entering the 
fign Capricorn; for which reafon the northern tropic 
is called the Tropic of Cancer, and the fouthern 
tropic the T ropic of Capricorn, 
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CHAP. XIV. 

OF THE FIXED STARS. 

Though in a former chapter of this fedtion it k. 
was mentioned (104) that the relative fmutions of the 
fixed ftars do not vary, yet that aflertion is not to be 
underftood in abfolute ftridtnefs. In the courfe of ages 
feveral variations have been obferved amongft them. 
Some of the larger ftars have not the fame precife 
fituations that ancient obfervations attribute to them; 
and it is probable that the inftances of this 
kind would have been much more numerous if 
accuracy of obfervation had not been confined to a 
very late period. New ftars have likewife ap¬ 
peared from time to time, and feveral of thole 
whofe places and magnitudes are inferted in the 
old catalogues are. not now to be found. Some 
of the fixed ftars are likewife found to have a pe¬ 
riodical increafe and decreafe of magnitude. 

The bright ftars Ardturus, Sirius, Aquila, and l 
A ldebaran, have been obferved to change their 
places. The firft is found to move towards the • 
fouth, about 3^- minotes of a degree in a century. 
Sirius has advanced about a minutes to the fouth 
in a like period. The changes of place in the two 
latter are yet fmaller and lefs fettled. 

All the ftars ipoleen of in the prefent chapter m 
are fubjedt to no parallax (130, z), according to 

the 
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the moll accurate obfervations by which moll of 
their places were fettled i and fome of them have 
been obfervcd with inftruments of fuch delicacy, 
that it is prefumed their parallax would have been 
feen, if it had amounted to one fecond of mea- 
fure. 

n Wirhout attending either to the celeftial changes 
recorded by ancient authors, who for the moft 
part were not aftronomers, and palling the lefs ob¬ 
vious mutations in filencc, we (hall here note a 
few of the moft remarkable new or changeable 
ftars. 

o On the 8th of November, 1572, Cornelius 
Gemma attentively confidered that part of the 
heavens which is called Calliope's Chair, and per¬ 
ceived nothing extraordinary. Rut the following 
night a new liar appeared, forming a perfect rhom¬ 
bus with the three liars a, £, y , of that conftel- 
lation. Its fplendor exceeded that of Jupiter when 
greateft, and was fuch, that it was feen even in 
the day-time. Tycho Brahe, who faw it on the 
nth, determined its longitude 6° 54' of Taurus, 
with 53 0 45' N. latitude. It began to diminilh 
in December, and became gradually Ids confpi- 

• cuous, till it difappeared in March, 1574. This 
remarkable ftar had no apparent motion, and 
conlequently no parallax, and its appearance was 
fparkling and clear, like that of the other fixed 
ftars. It has not fince been feen. 

l* September, 1604, O. S. the fcholars of Kepler 
obferved a ftar in the right leg of Serpentarius, which 

was 
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was not there the night before. Its luftre lee ms to 
have been nearly equal to that of ,the new ftar in 
Calliope i for it is deferibed as exceeding Jupiter in 
brightnefs. It gradually decayed like that, and in 
nearly the fame time difappeared, not being per¬ 
ceived after the beginning of January, i6o£. Its 
right afcenlion, as obferved by Kepler, was con- 
ftantly 256° 57', and its declination 11011- S. 

The firft ftar that was obferved to have a perio- 
dical change of brightnefs was difeovered by David 
Fabricius in the neck of the Whale, on the 3d of 
Auguft, 1596, O. S. Its greateft brightnefs is equal 
to that of a ftar of the third magnitude; and it is 
fcarcely ever fo fmall but it may be fecn with a fix 
foot telefcope. The period in which it palfes 
through all its changes, is at a mean 334 days, but 
no part of the phenomenon, is perfectly regular. 

Three changeable ftars have been obferved in the r 
tonftellation of the Swan. The firft difeovered is 
near the ftar y in that conftellation. Its greateft 
luftre is lefs than that of a ftar of the third magni¬ 
tude, and it dimini flies to that of the fixth magni¬ 
tude. Its changes are far from being regular, and 
do not take place but after intervals of ten or more 
years. 

The next and moft remarkable of the changeable s 
ftars in the Swan is marked x by Bayer. This is 
more regular in its returns than the preceding, 
through its magnitude is feldom greater than the 
fixth. Its period is fettled at 405-^ days, and irs 
greateft luftre in the year 1785 was about the 
14th of July. 


The 
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t The third was fcen near the head of the Swan 
on the 20th of June, 1670, of about the third 
magnitude, and was fo far diminifhed by the Oc¬ 
tober following as to be fcarcely vifible. 'In the 
beginning of April, 3671, it was again fcen rather 
brighter than before, and diminilhing during that 
month, j>ecame once more at its greatefl brilliancy 
at the beginning of May. By a comparifon of 
thcfc obfervations, its period feemed about ten 
months. It difappcared about the middle of Auguft, 
and was again feen on the 29th of March, 1672; 
fince which time it has not appeared. 
v The Itar Algol, or Medufa’s head, has been long 
fince obfcrved to appear of different magnitudes 
at different times; but the difcovery of its period 
is due to John Goodrickc, Efo; of York, who 
has obfcrved it fince the beginning of the year 
1783. It periodically changes from the firft to the 
fourth magnitude; and the time employed from 
one greatefl diminution to the other, was Anno, 
1783, at a mean, 2 days, 20 hours, 49 minutes, 
3 feconds. The change is thus. During four 
hours it gradually diminifhes in luftre; during the 
fucceeding four hours it recovers its firft magni- 
• tude by a like gradual increafe; and during the 
remaining parr, of the period, namely, 2 days, 
12 hours, 42 minutes, 3 fcconds, it invariably pre- 
fcrvcs its greatefl Juftre: after the expiration of 
which term the diminution again commences, &c. 
v Many of the fixed fl^rs, upon examination with 
the telefcope, are found to confift of two. The 

number 
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number obfcrred before the time of Heifchd * was 
but fmall; but that celebrated aftronoraer, who „ 
{lands unrivalled for the excellence of his inftra¬ 
iments, and his (kilful induftry in ufing them, has 
noted upwards of four hundred. 

* Bdides the phenomena already mentioned, there w 
are many nebulas, or parts of the heavens whiph are 
brighter than the reft. The moft obvious to com¬ 
mon notice is that large irregular zone or band of 
light which crofles the ecliptic in Cancer and Capri¬ 
corn, and is inclined to it in an angle of about fixty 
degrees. Other nebulas are leldom fo large as to 
be leen by the naked eye, to which they appear aS 
fmall ftars. If the telefcope be applied to them, 
they feem to be luminous (pots of various figures, in 
fome inftances with ftars in them. The number of 
nebulae afeertained before Herfchel are about 103, 
and that obferver had detefted 466 more, previous 
to the month of April 1784. Many of the nebulae 
arc refolvable by the telefcope into dufters of finall 
ftars; and it is found that telefcopes of greater power 
refolve thofe nebulae into ftars, which appear as white 
clouds in inftraments of lefs force. Hence there is 
good reafon to conclude that they all confift of 
dufters or prodigious agg regates of ftars. 

Dr. Herfchel has rendered it highly probable, x 
both from obfervation and well-grounded conje&ure, 
that the ftariy heaven is replete with thele nebula; or 

v Dr. Hcrfchel’s numerous and important difeoveries are in- 
ferted in the late volumes of the PfcUofophical Tranfadtions, 
as are alfo the accounts of Algol. 

Vol. I. O 
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fyftems of ftars of various figures/ and chat the 
m$cy-way is that particular nebula in which' our 
Sun is placed. Nothing more is neceftary in or¬ 
der to account for the appearance it exhibits, than 
to affume its figure as being much more extended 
towards the apparent zone of illumination than in 
otheire £1 ions. And the obfervations on the va¬ 
rious figures of the nebulae render this fuppofition 
perfectly allowable. 

y The want of an annual parallax in the fixed ftars 
evinces, that a luminous body, whofe diameter is 
equal to that of the Earth's annual orbit, would not 
iubtend a fenfible angle if feen from the fixed ftars. 
Much lefs therefore would the Sun, if viewed from 
fuch a diftancc. It may therefore be fairly con¬ 
cluded that the Sun, when foen from any fixed 
ftar, muft have much the lame appearance as a 
fixed ftar feen from hence: or, in other words, the 
fixed ftars are funs. 

z Reafoning then analogically, as far as the na¬ 
ture of the fatts we poflefs will admit, it may be 
deduced; firft, that the univerfe confifts of nebula, 
or diftindt fyftems of ftars i fecondly, that each ne¬ 
bula is compoled of a prodigious number of funs, 
or bodies that lhine by their own native Iplendor; 
thirdly, that each individual fun is deftined to 
give light to hundreds (124, r. l6i, w. 164, e) 
of worlds that revolve about it, but which can 
no more be feen by us, on account of their great 
diftance, than the folar planets can be feen from the 
fixed ftars. 

Yet, 
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Yet, as in this unexplored, and, perhaps, unex- a 
plorable abyis of fpace, it is no necefiary condition 
that the planets Ihould be of the fame magnitudes as 
thole belonging to our fyftem, it is not improbable 
but that planetary bodies may be difeovered among 
the double and triple ftars. « 

Our curiofity is much interefted in the qpntem- c 
plation of the phenomena of new and changeable 
liars, but the caules that may be offered with plaufi- 
bility to folve thefe appearances arc not many. 

If the. light of the Sun and fixed ftars be ima- b 
gined to proceed from a combuftion fimilar to that 
which is required to produce light in our experi¬ 
ments, it may happen that when all the inflammable 
matter is decompofed the ignition may ceafe. Or, 
if a trials of matter adapted for Inflammation begin 
by any caufe to burn, its ignition and emilfion of 
light will then commence. Thefe confiderations 
may explain the difappearance of fome ftars, and the 
appearance of others. And as there are no data to 
fix the time between the beginning and end of the 
appearance, the ftars may laft for any given time, 
according to circumftance.,. 

The fpots on the Sun (174, v) have afforded d 
a conje&ure refpeding the caufe of the penodical 
change of biightnefs in fome flats. For, if a liar 
be fuppofed to have a fpot of co.ifiderable magni¬ 
tude, and to turn on its axis, it will be much brighter 
when the fpot is not on tire vifible dife than when it 
is. However, it muft be confelfcd, that tiro pheno¬ 
mena do not in general agree with this fuppolition, 

O 2 which 
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which cannot eaflly be reconciled to the permanent 
brightnefs or obfcurity that prevails in the chango 
able liars for more than half the period. 

£ If a liar, by a fwift rotation, be made to alTume 
and preferve a flattened figure, and its axis have a 
rotation fimilar to that hereafter to be explained in 
the Earth, it will be much lefs bright when its edge 
is preflntcd to the obfcrver than when the vifible 
difc is projected broadu. 

t Oi, laftly, i r a large planet revolve about a 
ftar, it may occafion ceitain periodical echpfes of 
fufficient nvgi ide „nd duration to be perceived 
by us, on account of the quamiry of light inter- 

G cep red, T hu , foi '■xampl'* if an opaque nlanet, 
whofe diameter is not much lefs than that of Algol 
be luppoleu. to revolve bout that ftar at the dis¬ 
tance of tlnttjr -thiec dtamf tus of Algol, in the given 
period of i days, 2C hours, 49 minutes, 3 leconds, 
in an orbit whofe \ 1 »ne palfes at prelent through 
or near the tarrh, it will caufe certain ecliples that 
will agree very w ell with the appearances obferved. 
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Concerning the Phyfical Caufes of the 

Celeftial Motions. 


CHAP. I. 

OF THE GENERAL EFFECTS OF CENTRIPETAL FORGES 

ON BODIES IN MOTION. 

We arc now to refume the confideradon of bo- a 
dies in mption, which are afted on by a centripetal 
force (94, 1) and to apply that doftrine to the phe¬ 
nomena explained in the preceding fedion. 

Let abcd, &c. (fig. 66) be a regular polygon, b 
infcribed in a circle. If a body be fuppofed to re-* 
volve in that polygon, it will be necefiary that a force 
directed to the center s Ihould be applied at the 
points b, c, d, &c. to deflect the body from its right - 
lined courle (11, p). The more numerous the tides 
of the polygon are, the nearer they will be to the cir¬ 
cular curve, and the more frequent muft be the fuccef- 
five addons of the centripetal force. And if the num¬ 
ber of fides be infinitely great, the polygon will abfo- 
lutcly coincide with the circle, or become a circle, 

O 3 and 



19 $ IFFECtS OF CENTRIPETAL FORCES 

and the actions of the centripetal force muft be infi¬ 
nitely numerous,, or the force will aft without inter- 
c million. Confequently, whatever may be proved in 
general of a body moving in a regular polygon by 
an original uniform motion, combined with the 

* A 

motion produced by the fucceflive actions of a force 
<firefted to the center of the polygon, will hold 
good with refpeft to the motion of a body in a 
circle, the centripetal force being fuppofed to aft 
Without intermiftion. 


d In our reafoning concerning centripetal forces, it 
is here fuppofed that a given force afts on bodies 
according to their maflfes, like gravity (26, a) and 
confequently caufes equal defleftions in each from 
the right lined courfe. 

£ The intenfity or quantity of any force is meafured 
by the effeft it produces in a given time (21, q^. 
38, t). Suppofe a body to be projected from m 
to a, fig. 66, a centripetal force reprefented by a r 
will caufe it to defcribe the line a b inftead of a qjn 
an equal fpace of time (23, t). If the. velocity in m a 
had been greater, the'aftion of the force in the line 
a r muft have been greater in the 1 fame proportion 
to have caufed the fame deflcftionj that is, the 
centripetal force muft at each point of defleftion be 
as the velocity. But again,. the greater the velocity 
the greater number of Tides of the polygon will be 
defcribed by the body in a given time, and the more 
frequent muft be the a&ions of the centripetal* force. 

1 

' For this reafon therefore, the number of the aftions 

• . v 

f muft likewife be as the velocity. On both accounts, 

therefore, 
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therefore) the whole effe£t of the force in a given 
time, of its intenfity, muft , be in the duplicate 

1 

proportion, or as the Iquarc of the velocity, that , 
is, fimply as the velocity, becaufe the actions 
themfclves are greater or lefs in that proportion# 
and again, fimply as the velocity, becaufe the . 
adtions take place more, or Ids frequently in the 
fame proportion. And the fame is true of the o 
effedt of an unceafing force that may caufe the 
body to revolve in the circle in which the polygon 
is inferibed (198, c). 

The polygon nop being fimilar to the polygon » 
abc, will, with a given velocity, require the 
feme adtion to caufe the requifite defledtions from 
the right lined courfe in a body revolving in it. 
But .thole adhions mull recur oftener in propor¬ 
tion as the fide of the polygon nop is lefs than 
that of the polygon abc, becaufe a proportion¬ 
ally greater number of the finaller fidcs will be 
pafied over with the feme velocity. The force in 
the fmailer polygon mull therefore be increafed 
in the inverfe proportion of its fide to that of the 
greater, or, which is the feme, in the inverfe pro¬ 
portion of their radii.' On the whole then, die i 
centripetal forces, by which bodies are retained iq 
circular orbits, (198, c) are in a ratio com¬ 
pounded of thc-diredl ratio of the iquares of the velo¬ 
cities, (199, f. o) and the inverfe ratio of their femi- 
diametefs. . . . 4 

The periodic^ times of bodies revolving in cir- k 
cles arc greater, the greater the radii, and lefs, the 

O 4 greater 
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greater the velocities. That is to fey, the periodi¬ 
cal times arc dire&ly as the radii, and inverfely as 
the vdbcities. v .% . 

4 

l If the centripetal forces be fuppofed to increafe 
as die cubes or third powers of the radii decreafe, 
the cubes of the radii wiH be inverfely as the 
fquares of *he velocities, and dircdtly as the radii, 

. becaufe die forces themfelves are inverfely in this 
compound ratio (199/1). Whence the fquares of 
the velocities will be diredtly as the radii, and in- 
verfely as the cubes of the radii; or more Amply, 
m as the fquares of the radii inverfely. And the ve¬ 
locities themfelves willconfequently be inverfely as 
die radii. 

v If the fquares of the periodical times be dirc&ly 
as the cubes of the radii, the cubes of the radii 
will be (.199, k) diredlly as the fquares of the 
radii,* and inverfely as the fquares of the velocities. 
Therefore, the fquares of the velocities will be 
diredtty as the fquares of the radii, and inverfely 
as the' Cubes of the radii; or, more fipipty, as the 
radii inverfely. Now the centripetal forces (199,1) 
are diredtiy as the fquares of the velocities, and in¬ 
verfely as die radii. Therefore, if in this laft com¬ 
pound ratio wc fubftitute the inverfe ratio of the 
radii, inftead of the diredt ratio of the fquares of 

the velocities, to'which it is equal, we fhall have 

• 4 

the forces in the inverfe .ratio of the fquares 
o of the radii. That is to fay, if the Iquares of the 
r periodical times of bodies revolving in circles be 
7 ' dire&Jy 
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dke&fy is the cubes of the radii, the centripetal 
forces will be invfcrfely as the fquares of the radii. . 

The velocity of a. body moving in a curve, and p 

afted on by a centripetal force, is inverfrly as the 

1 

perpendicular let foil from the center, to the tan¬ 
gent drawn through that point of the curve at which 
the velocity is required. Let ab; fig/67, be a curve 
in which a body moves, deferibing equal areas in 
equal times (95, m), about the point c. Then 
the velocity at the points d and f will be invcrfcly 
as the perpendiculars c A, c 1, let fall from c on 
the tangents dh, fi to the curve in the points o, 
f. For if the body move through the fpaces d a, 
fc, in equal indefinitely fmall portions of time, 
thofe lines may be taken for portions of the tan¬ 
gents dh, fi, and the triangles dce, fco, will 
be equal (95, si). But the bafes de,fc, of equal 
triangles, are inverfely as the perpendiculars c H, 
c 1. And velocities being as the bafes de, f g, 
deferibed in equal times, muft alfo be in the fame 
inverfe ratio of thofe perpendiculars. Which was 
to be (hewn. 

If a body, afted on by a centripetal force, di- q, 
rented to fc (fig. 68), be projected from u, in a 
dire&ion at right angles to u c, but with a .velocity 
too fmall to caufe it to revolve in a circle u a, it 
will fell within the circle, by the greater preva¬ 
lence of the centripetal force. As it approaches 
the center, its velocity muftincreafe (96, n)> and 
fo muft likewifc its tendency to recede from the 

center. 
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center. If the centripetal force inereafes in the 
fame or in a higher ratio than that tendency, the 
body will (till continue to approach, and at length 
fall into* the center. But if the centripetal force 
increafes in a Ids ratio, the increafing velocity will 
caufe the body to move in a courfe lefs and lefs 
inclined to the radius, till at length it becomes at 
right angles to it, and recedes again from the 
center, becaufe by the fuppolition, the velocity is 
too great for the body to mcve there in a circu¬ 
lar orbit. In the recefs from the center the velo¬ 
city muft decreafe (96, r), and a fimilar curve 
be deferibed by the body, till its couHe becomes 
again at right angles to the radius, and it is again 
caufed to approach the center. And this alterna¬ 
tion will continue for ever. 

The afiertion refpedting the firailarity or rather 
congruity of the curves between the apfides may 
be ealily evinced from fig. 40. For if a body be 
fuppofed to move from 11 to c, and to be reflected 
back fi om c, in the cfire&ion and with the velocity 
c d, it is unneceffary to Ihew that it would again 
deferibe the fame polygon ch. And the fame 
holds good of cuives (95, m). Now a body that 
arrives at its apfis muft move with a velocity and 
dire&ion which, with refpedt $0 the center, is equi¬ 
valent to its being reflected back in the contrary 
diredtion, bccaule in either cafe it will begin to 
move with a given velocity in the tangent of the 
fame circle. 
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Jt vtpu$ carry us too far into the confideration* s 
of the mature of rhofe curves that may be dcfcribed 
by bodies adted on by centripetal forces, if we 
were to enquire minutely into the ‘Confcquences that 
would follow from fhe fuppoftuon of various laws 
of its increafe or diminution, according to the dis¬ 
tance. Our purpofe will be fu/Hcicmly anfwered 
by attending to the velocities of revolving bodies 
in their apfides. Let a body (Jig. 68) be pro- t 
jcdted from u towards a;, in a diredtion at right 
angles to cu, a line dra^wn from the point c, 
to which let the centripetal force be fuppofed to be 
directed. Suppofe the velocity, of projedtion to 
be Jefs than would be required to carry the body 
in a circle at u, and the body will accede towards 
the center, by pafling through a curve udf; If 
the law of the centripetal force be fuch (201, q^) 
as to fuffer tne body to recede again, after coming 
within a certain diftance of the* center, there will 
be fome point t, at which the body, previous to its 
going oft will neither approach mpr -recede from 
the center, but move in a direction at right angles 
to the radius. This point is the lower aplis, and 
its velocity will then be inverfely as the perpendi¬ 
cular c l (20), p). 

Let us fuppofe the, centripetal force to be in- u 
verfely as the cube of the diftance from c. Then 
(aoo, m) the velocities neceffary to carry a body in 

a circle at u or l will be inverfely as the - diftances 

* # » 

oc, LX:. The adtual velocities at u and l are in 

* 

the fame ratio, and the velocity at u is known to 

be 
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'be too Small to carry it inacirde* there. Cohfc- 
q-uenfiy, die a&ual velocity at Lrrfuft be likewise 
too frriaU in die.fame ratio, and the body wHi con¬ 
tinue to approach the center,- after having paffed 
the apfis. It ‘will not, therefore, defcribe a curve 
congruous with the curve defcribed in its paflage 
between the two apfides. But this laft confequence 
being contrary to what has been already 'proved 
(202, a) muft be falfe, and fo muft likewise be 
the original Siippofition which it was deduced, 
v Consequently it is not true, that a body projected 
with a velocity too fmali to keep it in a circle, 
and a£ted on by a centripetal force inverSely as the 
cubes of the distances, can ever arrive at the lower 
w apfis.* It muft therefore continually approach the 
center, and at length fall into it. 
x If the body be fuppoled to be originally pro¬ 
jected from l, the lower apfis, with a velocity too 
great for the. centripetal force, according to the 
fame law, to retain it in a circle, it may be ihewn 
by Similar argumentation that it would never ar- 

j 

rive at the higher apfis, but would continually re¬ 
cede from the center. 

v Thus it appears, that the inverted ratio of the 
cubes of the distances is the law of centripetal force 
that lijmits the revolutions of bodies in curves that 
admit of alternate approach and recefs from the cen¬ 
ter., For i£ according to this law, a body, after once 
beginning to approach the center or to recede from 
. it, -cannot but continue that approach or reeds, 

* w ’ A * ‘ ^ u * ' ' 

it muft be much more ftrongly urged in the Same 

. manner 
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manner by a centripetal force, that follows the in¬ 
verted ratio of fomc higher power of the diftance.' 
And again^ if'the law of the force follows fome 
inverted ratio Ids than that of the cube of the 
diftance, the velocities, required to- retain bodies 
in circular orbits will be lefs than, after the in¬ 
verted -ratio of the diftance as that law would re- 

j- • 

quire (200, l, m). Whence it follows, that fince 
the velocities in defeending from the upper apfis 
increafe (after than the diftances decreafe, the per¬ 
pendicular c h, fig. 67, being lefs than the diftance c x> 
(201, p), the motion of the body will be directed 
lefs and lels towards the Center, till it becomes at 


right angles to the radius, the body being then 
in the lower apfis.. After which it mall afeend 
through a curve fimilar and equal to that it before 
deferibed in palling between the aphides (202, r). 

Hence it is feen, that when the centripetal force z 
increafes in approaching the center in a lefs ratio . 
than the inverfe ratio of the cubes" of the diftances, 
the law of its increafe may be found from the quan¬ 
tity of angular motion employed in palling from 
one apfis to the other. For the diftance between a 

4 

the upper and lower apfis will be greater the nearer 


the law of the centripetal force, approaches to that 
ratio, becaufe the body mull run through a greater 
(pace before the tendency. .to recede from the cen¬ 


ter, arifing from the velocity and dire&ion, can be 
equal to the centripetal force. 

If a body revplves in an elliptical orbit, deferib- 
ing equal areas in equal times about one of the 


B 


foci. 
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foci, the apfides will be at the two extremities of 
the tranfverfe diameter, or 180' 3 of angular'mo¬ 
tion apart, the centripetal force will be direfted 
to that focus (95, n), and its intenfity will, be in- 
verfely as the Iquare of the diftance*. 
c If a body revolves between two apfides, and 
the centripetal force be inverfely as fome power of 
the diftancc, greater than the fquare and Ids than 
the cube, the diftance between the apfides will be 
more than 180 0 . But if the centripetal force be 
inverfely as fome power of die diftance left than 
the fquare, the diftance. between the apfides will 
be lefs than 180° (20$, a). In thefe cafes the 
orbit may be confidered as an ellipfis whofe tranf¬ 
verfe diameter, or line of the apfides, is not ftation- 
ary, but involves on the focus to «/hich the force 
D is dire&ed. The apfides may therefore be laid to 
revolve in confequentia, or with the moving body, 
when the force* ip approaching the center is greater 
than after die inverfe ratio of the fquare of the 
diftance; or to revolve in antecedents, when the 
e force is left than after that ratio. And the quies¬ 
cence of. the apfides will be a proof, that the cen¬ 
tripetal force is accurately in the inverfe ratio of the 
lquire of the diftance. 

f The periodical time of a revolution about the 
focus in a quiefeent ellipfis is equal to that which 
would be employed in deferibing a circle whofe ra¬ 
dius is half the tranfverfe diatheter of the ellipfis f. 

• • 

* Principia, I. 3. 9. f Principia, I. xg,' 

Therefore, 
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Therefore, if the fquares of the periodical times c 
of bodies revolving in elHpfes be direftly as the 
cubes of the mean diftances (aoo, o) the centri¬ 
petal forces will be inverfely as the fquares of the 
diftances. 


C H A P. II. 

THE UNIVERSALITY OF GRAVITATION DEDUCED 

FROM ITS EFFECTS. 

I 

The planetary bodies being in motion would 
(21, p) continue to move for ever in right lines, un- 
lefs compelled to change their date by forces im- 
prefled. But they move in curve lines (iai, k), h 
and confequently muft be aided on by forces that * 
continually defied: their courfes out of the right., 
lined diredion. 

Every primary planet moves with jfuch a velocity i 
and direction, that a line joining the centers of the 
planet and the Sun defcribes equal areas in' equal 
times (121, k). Whence it follows, that the cen¬ 
tripetal forces which retain thefe planets in their 
orbits are (95, n) direded to the Sun’s center. 

The periodical times of the primary, planets are 
foch, that their fquares are diredly in proportion 
to the cubes of their mean diftanefs from the Sun. 
Their orbits are (121, x) elliptical, and their ap- 
fides quiefeent. From thefe phenomena it is proved k 
(207,'G. ^05, a. 206,1), that the centripetal force? 
are inverfely as the fquares of the distances from 
the Sun. 

6 


Every 
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Every fccondary planet moves with fuch ft 
velocity and diredtion, that a line joining the cen¬ 
ter of the fecondary with that and its printary, de- 
l fcribcS equal areas in equal times. The centripe¬ 
tal forces retaining thefe bodies in their orbits con- 
fequently are (95, n) direded to the centers of 
their refpedtive primaries. 

The periodical times of Saturn’s moons are fuch 
that their fquajes are diredlly in pioportion to the 
m cubes of their diftances. And, therefore, the cen¬ 
tripetal forces are inverfely as the fquares of the 
diftances (200, o). 

n The fame phenomenon in Jupiter’s moons 
Ihew, that their centripetal forces follow the fame 
law. 

o The oibits of Saturn’s and Jupiter’s moons are 
* here taken to be circular. For obferVation has not 
yet eftabliihed die eccentiicity of any of thefe or¬ 
bits, except that of Jupiter’s fourth fatellite. 

The Moon is carried about the Earth with fuch 
a velocity and direction, that a line joining its 
center and that of the Earth, deferibes equal areas 
p in equal times (143, f). It is therefore retained 
in its orbit by a force directed to the Earth’s 
center. 

0^ The Moon’s orbit is elliptical, and its apfides 
quieicent. Its centripetal force is therefore an- 
verfely as the fquare of its tpftance (205, b. 206, jb). 

Every comet moves with fuch a velocity and 
direction, that a line joining the centers of the 
• comet and Sun deferibes equal areas in equal 

rimes 
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times ( 160 , v). The centripetal forces retaining r 
the comets in their orbits is (95, n) therefore di¬ 
rected to the Sun. 

All the tromets are obferved to defcribe either el- 
lipfes, or parabolas, which in all probability are the 
lower portions~of ellipfes (160, u, v). Thofe 
whofe return has been obferved have their apfides 
quiefcent. Whence it follows *(205, i;. 206, e), s 
that the centripetal forces are inverfely as the fquares 
of the diftances from the Sun. 

It is not to be Underftood that the planetary t 
phenomena are in abfolute flri&nefs as given in this 
place. But the irregularities are very fmall, and 
it will hereafter be feen, that they are of fuch a 
nature as to give additional force to the deduc¬ 
tions here made. 

The force that retains the Moon in its orbit is u 
the fame with that which caufes bodies near the 
Earth’s furface to be heavy, and is called Gravity. 

To prove this important truth, let us take 57 1 v 
for the Moon’s horizontal parallax at its mean 
diflan ce, and that diflance will, by plane trigono¬ 
metry, be found to be 60. 314 femidiameters of the 
Earth. The periodical time of the Moon is 27 d, 

7 h. 43 m. (142, a), or 39343 minutes, which is 
the fame period as would obtain if irs orbit were 
a circle (206, f) whofe radius is equal to the mean 
diflance, and the centripetal force remained unal¬ 
tered. To come at the effects of this force more 


* For the parabola, fee Principia, I. 13. 

Vox.. I. P readily, 
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readily, it will be convenient to attend to this cir¬ 
cular revolution. In one minute of time the Moon 
in this orbit would pafs through the -nrir-T part, or 
an arc of 32.941 feconds of meafure. The mean 
length of a degree on the Earth’s meridian is 
342516 Paris feet, which number multiplied by 
60.314, will give 20658510 Paris feet for the 
length of a degree in the fuppofed circular orbit. 
Whence the arc of 32.941 feconds paffed through 
in a minute may be found in feet, as alfo its 
verfed fine. The verfed fine being the fpace 
through which the Moon muft fall beneath the 
tangent in the time of one minute, will be the ef- 
fc<ft of, and will meafure the centripetal force (35, e). 
This fpace or verfed fine is 15.0944 Paris feet. 
Now, becaufe the Moon’s centripetal force is in- 
verfely as the lquare of the diftance from the 
Earth’s center (208, oj), we may find what its ef¬ 
fect would be at the Earth’s furface by faying. As 
the lquare of 60.314, the Moon’s diftance from the 

Earth’s center; Is to thee lquare of 1, the diftance 

* £ 

of the furface of the Earth from its center: So is 
the meafure (3 5, e) of the centripetal force at the 
Moon 15.0944 feet; To the meafure or effect of 
the fame force at the Earth's furface, or 54910 
feet. 

w To find whether this fpace agrees with the fall 
of bodies at the Earth’s lurface by gravity, we muft 
reduce the time to one fecond; becaufe we have 
no means of dire£Hy meafuring the aftual fall of 
bodies during fo long a time as one minute. Now, 

though 
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though the centripetal force erf the Moon increafes 
in approaching the Earth’s center, yet thefe mea- 
fures of that force are ftri&ly accurate, becaufe 
confidered as they obtain in circular orbits where 
the diflance of the body is not diminifhed by its 
fall: but the difference would in the prefent cafe be 
abfolutely infenfible in fo Ihort times as a fecond 
or a minute, even if we fuppofed the falling body 
to be moved in a right line directed to the center. 
The fpaces deferibed by falling will confequently 
be deferibed by an uniformly accelerated motion, 
and will be (29, o) as the fquares of the times. 
Therefore as the Iquare of 60 leconds; Is to the 
fquare of 1 fecond: So is 54910 feet; To 15.2528 
feet that bodies would fall through at the Earth's 
furface in a fecond by the action of the centripetal 
force that retains the Moon in its orbit. 

But bodies fall through 15.084 Paris feet in a x 
fecond, by the aflion of gravity. The fall of 
bodies near the Earth’s furface and of the Moon 
are effects of the fame kind, and therefore, by 
the fecond rule of philofophizing, are produced 
by the fame caufe. That is to fay, the Moon is 
retained in its orbit by gravity. 

Moreover, lince it is eftabliflied from the Moon’s v 
revolution in its orbit that a centripetal force exills 
and a£ts in the direction towards the center of the 
Earth, and no good reafon can be given againft 
its adtion that would take place, according to its 
law, on bodies any where fituated, it muff fol¬ 
low, that bodies fell near the Earth’s furface, ei- 

P 2 ther 
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ther by this force alone, or by this force in conjunc¬ 
tion with fome other. But this latter conlequence 
cannot be admitted, becaufe bodies would then fall 
with greater velocity than the Moon at the fame 
diftance; whereas it has been juft fhewn, that 
their velocities are fomewhat left, 
z And even this difference between the velocities 
of the Moon and of fmaller bodies affords an ad¬ 
ditional proofj that the fame force of gravity is 
concerned in both. Fo- the force would have 
proved accurately the fame, as far as obfervation 
can meafure its effects, if proper allowance, ac¬ 
cording to the laws of gravity known from its 
effeCts on heavy bodies, had been made in the 
computation for the mafs of the Moon, and the 
Sun’s action on the Earth and Moon. 
a The revolutions of the fateliites of J upiter and 
Saturn, and alfo thofc of the primary planets and 
of the comets, are phenomena of the fame kind as 
the Moon’s revolution about the Earth, and are 
therefore (6, n) to be attributed to the fame 
caufes, namely, to an original or projectile motion 
compounded with a motion produced by gravity. 

B ACtion and re-aCtion (22, r) being equal, it 
follows alfo, becaufe the fecondary planets gravi¬ 
tate .towards their primaries, and the primaiy 
planets together with their fateliites, as likewife 
the comets, gravitate towards the Sun, that the 
primary planets mull likewife gravitate towards 
their fecondaries, and the Sun towards the whole 
c fyftem. That is to fay, gravitation is univerfal, 
' or a property of all bodies whatfoever. 


The 
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The mutual action of two bodies (22, r. 95, o) d 
that gravitate to each other is the caufe that if they 
fell, both will approach the common center of gravity 
with equal quantities of motion, or if they have at the 
fame time a projectile velocity, both will abfolutely 
revolve about that center. If one of the two bodies 
exceed the other indefinitely in mafs, 'its velocity 
(19, l) of approach will be indefinitely lefs than that 
of the other in the former cafe, or thd radius of its orbit 
will be indefinitely lefs than that of the other in the 
latter cafe. Whence the whole relative velocity of ap- e 
proach may be taken for the abfolute velocity pro¬ 
duced in the lefs body; or the orbit deicribed by the 
lefs body about the greater may be taken for that which 
it defcribes about the common center of gravity. 

The fall of bodies near the Earth’s furface may f 
be regarded as .their abfolute motion. For the 
magnitude of the Earth is fo great with refpeCt 
to the bodies with which art can make expe- ■ 
riments, that its velocity is incomparably fmaller 
than the differences which the imperfections of the 
fenfes muft caufe in all obfervations. We may g 
likewife in this place confider the modons of the 
planets and comets about the Sun as abfolute, 
though the magnitude of that luminary is not fo 
exceffive as to render thofe of the planets incon- 
fiderable. The fame is to be underftood of the h 
fatellites of Jupiter and Saturn. 

All bodies fall near the Earth’s furface with 1 
equal velocities (26, a, b). The planets and comets 
being accelerated towards the Sun by powers which 
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arc (207, k. 209, s) inverfely as the fquares of the 
diftances, would confequcntly be equally accelerated 
at equal diftances. The fame is true of the fatel- 
lites with refpett to the Sun, becaufe they revolve 
together with their primaries in the annual orbits, 
and alto with refpedt to their primaries (208, m, n). 
k From theie equal accelerations it follows, that 
the force of gravity which urges minute bodies to¬ 
wards any other larger body, is in proportion to 
the mafs of the -body urged. 
l This law of gravity being eftablifhed from ob- 
fervations in cafes where the velocity of the fmaller 
body can be taken without fenfible error, we may 
again refume the confideration of the re-aftion of 
the fmaller. Let us call the larger l, and the 
fmaller s. Then, becaufc s is urged towards l, 
by a force which is as the magnitude of s, l will 
be urged (22, r) towards s, with the fame force. 
That is, if s becomes larger, it will attract l the 
more ftrongly in proportion. Now, s may be 
imagined to become larger, fo as even to exceed 
l in any ratio whatever, and the increafe of at- 
m traftion will ftill obtain. Therefore, a given body 
not only attracts another, in proportion to the 
mafs of this laft, but alfo in proportion to its own 
n mafs. That is to fay, the force of gravitation ex¬ 
erted between two bodies is in the compound ra¬ 
tio of their mafles. 

o The abfolute force of gravity being in the com¬ 
pound ratio of the maffes of the two bodies, or 
as the mafles multiplied into each other, will be 

meafured 
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meafured by the quantity of motion produced in 
either body (21, q_. 19, l) in a given time, or by the 
mafs of the body multiplied into its velocityj that 
is, the numeral product of the mafles will be equal 
to the numeral product of the mafs of one of the 
bodies into its velocity. Now, if each of thefe 
equal products be divided by the mafs of the body, 
whole velocity is confidered, the two remainders 
will be equal, namely, the mafs of the one body will 
be equal to the velocity of the other. Or, more p 
clearly (becaufe we have ufed number, in order to 
avoid the comparifon of ratios, which is left gene¬ 
rally underftood) the mafs of one body will be as 
the velocity or acceleration of the other. Whence 
it follows, that if the velocities produced in bodies 
by gravitation be known, the proportional mafles 
of the bodies towards which they are urged will be 
alfo known. 

From this confequence the mafs of any large pla- r 
net may be known from the velocity of defeent it 
produces in bodies indefinitely finaller than itfelfi' 

For the relative velocities of luch fmall bodies (213, e) 
with refpeCt to the larger, may be taken for their ab- 
folute velocities. Now, the velocities of the planets ; 
towards the Sun, of the fatellites of Jupiter and 
Saturn towards their refpeCtive primaries (213, o), 
and of projectiles near the Earth’s furface, being re¬ 
duced to equal diltances of the attracting bodies, as 
was done in comparing the Moon’s gravity with that 
of terreftrial bodies (209, v, w, x) or otherwife, are, 
and confequently likewife their mafles are, (nearly) 
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as the numbers i, tVftj Wtt» and m Ttf Hence 
alfo the denticles may be found, becaufe their bulks 
t are known from oblervation. Thus, the denti¬ 
nes, or fpecific gravities, are in the four bodies juft 
mentioned, ioo, 94*, 36, and 400. Thcfe num¬ 
bers may be familiarized to the imagination, by 
obferving, that if the mean denfity of the Earth be' 
fuppofed to anfwer to that of common green glals, 
the Sun’s denfity would be equal to that of dry 
pear-tree, Jupiter’s to cedar, and Saturn’s to cork, 
u Our knowledge of the remote parts of the pla¬ 
netary fyftem is too imperfedt to admit of many re- 
v marks on the fadls we can obferve and deduce. It 
is, however, worthy of notice, that the immenfely 
large planets, Jupiter, Saturn, and the Georgium 
. Sidus, would have occafioned great irregularities by 

4 

their attractions on the other bodies of the fyftem* 
if t inftead of being placed at the great diftances 
they are from the common center of gravity, and 
from each other, they had occupied the places of 
the fmall planets. Mars, the Earth, Venus or Mer- 
w cury. And if the celeftial fpaces be not abfolutely 
vacuous, but pofTefifed by fome very rare matter, 
(175, a) the refiftance fuch matter muft afford 
in the courfe of ages to the motions of the planets, 
will be brought nearly to equality in its effedts, if 
the planets which move fwifter are at the lame time 
more denfe. Laftly, becaufe it is obferved in the 
confticution of terreftrial bodies, that the denfer re¬ 
quire, in many inftances, a higher degree of heat 
to produce given changes in them, it has been con- 

jedtured. 
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jefhired, not without fome degree of probability, 
that the planets nearer the Sun are for this purpofe 
formed of denfer materials adapted to their fitua- 
tion. 

From the univerfality of gravitation (212, c) x 
it is deduced, that the fixed ftars are either fall¬ 
ing towards the common center of gravity of the 
univerfe, Or are made to defcriBe immenfe orbits 
which ultimately refpect that center. The life of 
man, affifted by every traditional record for thou- 
fands of years, feems too fhort to afeertain the refult 
of this fublime enquiry. It will be a grand acqui- 
fition, if the repeated obfervations of feveral centu¬ 
ries to come lliould determine the proper motions 
of the vaft number of funs that compofe the nebula, 
(194, z) of which our whole planetary fyftem, 
with all its comets, forms fo inconfiderable a part. 
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CHAP. III. 

* 

OF THE IRREGULARITIES ARISING FROM THE 
MUTUAL GRAVITATION OF THE PLANET5. ' 

Y Ip the Son were at reft, and the planets did not 
mutually gravitate towards each other, they would 
defcribe ellipfes, having the Sun in the common fo¬ 
cus. But fince they mutually a< 5 l on the Sun, and 
on each other (212, c) it muft follow that the Sun 
is perpetually moved about the center of gravity of 
all the planets, which center is the common focus 
of their orbits. This center, by rcafon of the 
Sun's very great bulk, can, in no fituation, exceed 
the diftanee of its femidiameter from its fiirface. 
z Some fmall irregularities arile from thefe mutual 
actions, but much lefs than would enfue if the Sun 
were at reft, or not fubjefl to the re-afrion of the 
other planets. The irregularities in the motions of 
the primary planets are fcarcely confiderable 
enough to come under oblervation in the courfe of 
many revolutions: thofe of the Moon, on account 
of its nearnefs to us, and from other caules, have 
ever been fofficicntly great, to embarrafs the aftro- 
nomical world. It will therefore be fufficient to 
explain the latter, and apply the explanation to the 
former, which are e ffccls of the fame kind. 
h If the actions of the Sun upon the Earth and 
Moon were equal upon each, according to their 
maffes, and tended to produce motions in parallel 

directions. 
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directions, their relative motion^ would be the fame 
as if no fuch forces acted upon them . (79, w). Put 

thefe forces vary, both in quantity and direction, 

% 

according to the various relative fituations of the 
Earth and Moon. 

Let the point s (fig. 66) reprefent the Sun, e the 
Earth, and adbc the orbit of the Moon. Then, if 
the Moon be at the quadrature a, the diftances e s 
and as of the Earth and Moon from the Sun, be¬ 
ing equal, their gravities towards s will alio be 
equal, and may be reprefented by thofe lines e s and 
as. Draw the line a l parallel and equal to es, 
|tnd join ls, which will be parallel to a e. The- force 
as may be refolved (23, t) into the two forces al 
and a e 5 of which a l, by reafbn of its parallelifm 
and equality to. e s (79, w) will not difturb their 
relative motions or fituation: but the force a f, con- 
ipiring with that of gravity, will caufe the Moon to 
fall farther below the tangent of its orbit than it 
would have done if no fuch dilturbing force had ex- 
ifted. Therefore, at or near the quadratures, the 
Moon’s gravity towards the earth is increafed more 
than according to the regular courfe, and its orbit 
is rendered more curve. 

When the Moon is at the conjunction c, the dif¬ 
tances e s and c s not being equal, the Moon’s 
gravitation towards the Sun exceeds that of the Earth 
in the fame proportion as the fquarc of e s exceeds 
the fquare of c s. And becauie the excels aCts 
contrary to the direction of the Moon’s gravity to¬ 
wards the Earth* it diminilhes the effeCt thereof and 

caufes 
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caufes the Moon to fall lefs below the tangent of irs 
orbit than it would if no fuch difturbing force 
exifted. A like, and very nearly equal, effect fol¬ 
lows, when the Moon is at the oppofition d, by the 
Earth’s gravitation towards the Sun being greater 
than that of the Moon: whence their mutual gra- 

e vity is diminifhed as in the former cafe. Therefore, 
at or near the conjunction or oppofition, the Moon’s 
gravity is diminilhed, and its orbit is rendered lefs 
curve. 

f It is found, that the foi ce added to the Moon’s 
gravity at the quadratures, is to the gravity with 
which it would revolve about the earth in a circle 
at its prefent mean diftance, if the Sun had no effedt 
on its motion, as i to 190; and that the force fub- 
duCted from its gravity at the conjunction or oppo- 

g fition is about double this quantity. The influence 
of the Sun, then, on the whole, increafes the Moon’s 
diftance from the Earth, and augments its periodi¬ 
cal time} and fince this influence is mod consi¬ 
derable when the Earth is neareft the Sun, or in 
its perihelium, its periodical time muft then be 
the greateft, as appears likewile from obfervation 
(144, k). 

h To fhew the effeCt of the Sun in difturbing the 
Moon’s motion at any fituation between the con¬ 
junction and one of the quadratures, fuppofe at m 
( fig. 66) let es reprefent the Earth’s gravity to¬ 
wards the Suns draw the line ms, which continue 
towards g } from m fet off m g, fo that m g may be 
to es as the iquare of the Earth’s diftance es is to 

the 
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die fquare of the Moon’s diftance ms; and mo 
will reprefent the Moon’s gravity towards the Sun. 
From m draw m f parallel, and equal to esj join 
f c, and draw m h parallel, and equal to f g. The 
. force m c may be refolved into m f and m h ; of 
which m f, by reafon of its parallelifm and equality to 
e s, will not difturb the relative motions or fituations 
of the Moon and Earth; m h then is the difturbing 
force. Draw the tangent m k to the Moon’s orbit, 
and continue the radius e m towards i; draw h i pa¬ 
rallel to k m, and interfering mi in i, and com¬ 
plete the parallelogram by drawing h k parallel to 
im, and interfering mjc in k. The force mh may 
be relblved into m i and m k ; of which m i affeTs 
the gravity, and m k the velocity of the Moon. 
When the force m h coincides with the tangents 
that is, when the Moon is 35 0 16' diftant from 
the quadrature, the force m 1, which affefts the gra¬ 
vity, vanilhes; and when the force mh coincides 
with the radius, that is, when the Moon is either 
in the conjunrion or quadrature, the force mk 
vanilhes. Between die quadrature and the diftance 
of 35 0 16# from it, the line or force m h falls within 
the tangent, and confequently the force mi is 
direred towards e, and the Moon’s gravity is in- 
creafed: but, at any greater diftance from the qua¬ 
drature, the line m h falls without the tangent, and 
the force m 1 is directed from e, the Moon’s gravity 
being diminilhed. It is evident that the force mk 1 
is always directed to fome point in the line which 
pafles through the centers of the Sun and Earth; 

therefore 
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therefore it will accelerate the Moon’s motion, while 
it is approaching towards that line, or the conjunc¬ 
tion, and limilarly retard it as it recedes from it, or 
approaches towards die quadrature, by confpiring 
with the motion in one cafe, and fobdufting from 
it in the other. 

k. As the Moon’s gravity towards the Sun at the 
conjunction is diminifhcd by a quantity which is as 
the difference of the lquares of their diftances j and 
as this difference, on account of the very great dis¬ 
tance of the Sun, is neariy the fame when the Moon 
is at the oppolition, the mutual tendency to feparate, 
or diminution of gravity, will be very nearly the 
feme. Whence it eafily follows, that all the irre¬ 
gularities which have been explained as happening 
between the quadratures and conjunction muft in 
like circumftances take place between the quadra¬ 
tures and the oppofition. 

l If the Moon revolved about the Earth in a cir¬ 
cular orbit, the Sun’s difturbing influence being 
fuppofed not to aft, then this influence being «fup- 
pofed to aft would convert the orbit into an ellipfis. 
For the increafe of gravity renders it more curve at 
the quadratures, by caufing the Moon to fall further 
below the tangent; and the diminution of gravity, 
as well as the increafing velocity, renders the orbit 
lefs curve at the conjunftion and oppofition, by 
caufing the Moon to fell lefs below the tangent 
in a given time. Therefore an ellipfis would be 
deferibed, whofe lefs or more convex parts would 
be at the quadratures, and whole longeft diameter 

would 
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would pafs through them. Confequently the Moon 
would be farthelt from the Earth at the quadra¬ 
tures, and neareft at the conjunction and oppofition. 
Neither is it ftrange that the Moon Ihould approach 
\ or come nearer to the Earth at the time when its 
gravity is the leaft, fince that approach is not the 
immediate confequence of the decreafc of gravity, 
but of the curvity of its orbit near the quadratures ; 
and in like manner, its recefs from the Earth at the 
quadratures does not arife immediately from its di- 
minifhed gravity, but from the velocity and direc¬ 
tion acquired at the conjunction or oppofition. 

But as the Moon’s orbit is, independent of the m 
S un’s aCtion, an ellipfis, thefe effeCts take place 
only as far as circumltances permit. 

The Moon’s gravity towards the Earth being u 
thus fubjeCt to a continual change in its ratio, its 
orbit is of no conftant form. The law of its gra¬ 
vity being nearly in the inverfe proportion of the 
fquares of the difiances, its orbit is nearly a quief- 
cent ellipfis (206) j but the deviations from this 
law occafions its apfides to move direCt or retro¬ 
grade, according as thole deviations are in defect 
or excefs (206, c.). Afironomers, to reduce the 
motion of the apfides to computation, fuppofe the 
revolving body to move in an ellipfis, whole tranf- 
verfe diameter or line of the apfides revolves at the 
lame time about the focus of the orbit. When the 
Moon is in the conjunction or oppofition, the Sun 
fubduCts from its gravity (220, a), and that the 
more the greater its diftance is from the Earth, fo 

that 
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that its gravity follows a greater proportion than the 
inverted ratio of the iquare of the diftance, and con- 
fequendy the apfides of its orbit mud then move 
in coniequentia, or diredt (206, d). In the qua¬ 
dratures the Sun adds to the Moon’s gravity ; 
(219, g), and that the more the greater its diftance 
from the Earth, fo that its gravity follows a lcis 
. proportion than the inverted ratio of the fquare of 
her diftance, and confequently the apfides of its 
orbit muft then move ih antecedents, or retro- 

o grade (206, e). But becaufe the adUon of the 
Sun fiibdudb more from the Moon’s gravity in the 
conjundtion and oppofition than it adds to it in the 
quadratures (220, f) the diredt motion exceeds the 
retrograde, and at the end of each revolution the 
apfides are found to be advanced according to the 
order of the figns. 

p <If the plane of the Moon’s orbit coincided with 
that of the ecliptic, thefe would be the only irre¬ 
gularities arifing from the Sun’s adtion; but be- 
caufe it is inclined to the plane of the ecliptic in an 
angle of about five degrees, the whole difturbing 
force does not adc upon the Moon’s motion in its 
orbit, a fmall part of the force being employed to 
draw it out of the plane of the orbit into that of the 
ecliptic. ' 

Of the forces m k and m r, fig. 66 , which difturb 
the Moon’s motion, m i being always in the direc¬ 
tion of the radius, can have no effedt in drawing 
it out of the plane of its orbit. And if the force 
lilt really coincided with the tangent, as we, neg- 

ledting 
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A 

lcCting the fmall deviation arifing from the obli- 

P i 

quity of the Moon’s orbit have hitherto fuppoled, , 
it is evident that its only effect would be that of 
accelerating or retarding the Moon’S motion, with- 
W affeCting' the plane of its orbit. But becaufe 
that force is always directed to fome point in the 
line which pafies through the centers of the Sun and 
Earth (ct£i, i) it is evident that it can coincide with 
the tangent only when that line is in the plane of the 
Moon’s orbiti that is to fay, when the nodes are in 
the con junction and opposition. At all other times 
the force m k muft decline to the northward or fouth- 
ward of the tangent, and compounding itfelf with 
the Moon’s motion, will not only accelerate or 
retard it, according to the circumftances before 
explained, but will like wile alter its direction, 
deflecting it towards that fide of the'orbit on which 
the point, the force m k, tends to, is fituated. This 
defleCtion caules the Moon to arrive at the ecliptic 
either fooner or later than it would otherwife have 
-donej or, in other words, it occafions the inter¬ 
action of its orbit with the ecliptic to happen in a 
point of the ecliptic, either nearer to, or further 
from, the Moon, than that in which it would have 
happened if fuch deflection had not taken place. 

To illuftrate this, let the elliptical projection r 
c o q_n (fig. 67) reprefent a circle in the plane of 
the ecliptic, m o p n the Moon’s orbit, interfering 
the ecliptic in the nodes n and o. Suppofe the Moon 
to be in the northern part of its orbit at m, and 
moving towards the node o; the difturbing force 

VOL- I. M K, 
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m k, which tends towards a point in the line s s to 
the fouthward of the tangent m t, will be com¬ 
pounded ,with the tangental force, and will caufe 
the Moon to defcribe the arc m m, to which m r is 
tangent, inflead of the arc m o; whence the node 0 
isfaid'to be moved to m. In this manner the 
motion of the nodes may be explained for any other 
fituation. 

s This motion evidently depends on a twofold cir- 
cumftance, namely, the quantity and direfHon of 
the force m k. If the force m k be increafed, its 
direction remaining the fame, it will deflect the 
curve of the Moon’s path from its orbit in a greater 
■ degree j and on the other hand, if its diredtion be 
altered, fo as to approach nearer to a right angle 
with the tangent, it will caufe a greater deflexion, 
t though its quantity remain the fame. When the 
Moon is in the quadratures, the force m k vanifhes, 
(220, h) confequently the nodes are then fta- 
tionary. When the Moon is at the oftant, or 
forty-five degrees from the quadrature, the force 
mk is greateft of all, and therefore the motion 
of the nodes is then mod considerable, as far as it 
u depends on the quantity of m k. But the direc¬ 
tion of this force in like circumftances depends on 
the fituation of the line of the nodes. If the line 
of the nodes coincides with the line palling through 
the centers of the Sun and Earth, the force m k 
coincides with the tangent of the Moon’s orbit, 
and the nodes are ftationary. And the farther the 
node is removed from that line, the farther is that 

line 
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line removed from the plane of the Moon's orbit; 
till the line of the nodes is in the quadratures, 
at which time the line palling through the centers of 
the Sun apd Earth, makes an angle with the plane of 
\the Moon’s orbit equal to its whole inclination, or 
five degrees: confequently the angle formed between 
m k and the tangent in like circumftances is then 
greatdL m k being directed to a point in a line 
which isfhrcher from the plane of the Moon’s orbit 
than at any other time, and of courfe thjs motion 
of the nodes is then moll: confiderable. 

To determine the quantity and direction of the 
motion of the nodes, fuppofe the Moon in the quar¬ 
ter preceding the conjunction, and the node towards 
which it is moving to be between it and the con¬ 
junction: in this cafe its motion is directed to a 
point in the ecliptic, which is lefs diftant than the 
point towards which the force m k is directed: the 
force m k then, compounding with the Moon’s 
motion, caufes it to be directed to a point more 
diftant than it would otherwife have been; that is 
to fay, the node, towards which the Moon moves, 
is moved towards the conjunction. When the 
Moon has palled the node, its courfe is directed to 
the other node, which is a point in the ecliptic 
more diftant than the point to which mk is di¬ 
rected, and therefore mk,. compounding with its 
motion, caufes it to be directed to a point lels dif¬ 
tant than it would otherwife have been; fo that in 
this cafe likewife, the enfuing node is moved to¬ 
wards the conjunction. After the Moon has palled 

the 
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the conjunction, the force mk ftill continues to 
dcfleCt its courie towards the ecliptic, and confe- 
quently the motion of the node is the fame way 
till its arrival at the quadrature. Suppole again, 
the Moon to be at the conjunction, and the node ‘ 
towards which it is moving to be between it and 
the quadrature. In this cafe the force m k com¬ 
pounding with the Moon's motion, caufes it to 
move towards a point in the ecliptic lets diftant 
than it would otherwiie have done, fo that the en- 
fuing node is brought towards the conjunction. 
When the Moon has palled the node, the force 
mx ftill continuing to defleCt its courfe towards 
the fame fide of its orbit, produces a contrary effect, 
namely, as it before occationed it to converge to 
the ecliptic, fo it now caufes it to diverge from ir, 
and its motion in confequence tends continually to 
a point in the ecliptic more diftant than it would 
otherwife have done: the entiling node in this in- 
ftance being alfb brought towards the conjunction. 

w As the difturbing forces are very nearly the 
feme in the half of the Moon's orbit, (aaa, k) 
which is fartheft from the Sun, this laft paragraph 
is true, when it moves in that part of its orbit, if 
the word oppotition be every where inferred inftead 
of the word conjunction. 

x Whence it is eafy to deduce this general rule, that 

when the Moon is in the part of its orbit neareft the 

* 

Sun, the node towards which it is moving is made 
to move towards the conjunction: and when it is 
in the part of its orbit fartheft from the Sun* the 

node 
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node towards which it is moving is made to move 

towards the oppofitioA. 

Suppofe the Moon (fig. 68) or the qua- y 
drature preceding the conjunction, then the enfuing 
\jode, if at 90 0 diftance, or at the conjunction c, will 
be' ftationary (226, u), but if it be at a greater or lels 
diftance, it will be brought towards c (228, x). Thus, 
if the n^des be in the portion m n, the enfuing 
node m, beihg at a lefs diftance from q_than 90°, will 
move towards c, or direCt, while the Moon moves 


through the arc q_m; after which n becomes the 
enfuing node, and likewife moves towards the con¬ 
junction c, or retrograde during the Moon’s mo¬ 
tion through the arc m r. And becaufe the arc 
m r exceeds qjh, the retrograde motion exceeds the 
direft. Again, if the nodes be in the pofition nm, 
the enfuing node n being at a greater diftance from 
q_ than 90°, will move towards c, or retrograde, 
during the Moon’s motion dirough the arc qji; 
after which the node m becomes the enfuing node, 
and likewife moves towards the conjunction c, or 
direCt, during the Moon’s motion through the arc 
nR. And becaufe the arc Q_n exceeds nr, the 
retrograde motion here alfo exceeds the direCt. 
If the nodes be in the quadratures q_r, the enfuing 
node r removes towards c, or retrograde, during 
the Moon’s motion through the ate qj?> or almolt 
the whole femi-orbit. The lame may be (hewn in 
the other half of the orbit r o ojwith refpeCl to the 
oppofition oj and therefore, in every revolution of 
the Moon, the retrograde motion of the nodes ex- 

C U cceds 
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z ceeds the direCt; and, on the whole, the nodes are 
carried round, contrary of the order of the figns. 

a The line of the conjunction is by the Earth’s 
annual motion brought into every poflible fituation 
with refpeCt to the nodes in the courfe of a year,' 
lndependant of their own proper motionj which 
laft occafions the change of fituation to be per¬ 
formed in about nineteen days lefs. 

B The inclination of the Moon’s orbftf "being the 
angle which its courfe makes with the plane of the 
ecliptic, it is evident from what has been faid, that 
this angle is almoft continually changing. Sup- 
pofe the line of the nodes, by its retrograde motion, 
to leave the conjunction c, fig. 69, and become in 
the’ fecond and fourth quarters as in the pofition 
m n, and the Moon to move from the node w to 
the node n* then, becaufe the enfuing node n 
moves (228, x) towards the conjunction c, while 
the Moon is in the nearer half of its orbit, 
the Moon’s courfe mOft be continually more and 
more infleCted towards the ecliptic, till its arrival 
at r. This inflection in the firlt 90 or m a from 
m, prevents its diverging fo much from the eclip¬ 
tic as it would otherwife have done; that is to 
lay, it diminifhes the angle of the Moon’s inclina¬ 
tion. From a to r its courfe begins to converge 
towards the ecliptic, and this convergence is in- 
creafed by the inflection which in the prece<ding 
90° prevented its divergence: in the arc ar then the 
inclination is increafed. During the Moon’s motion 
frpm a to n, the node is moved towards the op- 
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pofition o, and confequently the angle of its courfe 
to n is rendered lefs than it would have been if the 
node has not moved; or, in other words, the in¬ 
clination is diminilhed. And becaufe the arc m a 
'added to the arc rn is greater than the arc ar, the 
lh^lination at the fubfequent node is lefs than at 
the ^precedent node; and the fame may be Ihewn 
in other half revolution n qjvi. Therefore, c 
while tiTcrTs-Qdes are moving from the conjunction 
and oppofition to the quadratures, the inclination 
of the Moon’s orbit, on the whole, diminilhes in 
every revolution till they arrive in the quadratures, 
at which time it is leaft of all. When the line of o 
the nodes has patted the quadratures, and is in the 
firft and third quarters, as in the pofition mn, it 
is eafily fhewn by the fame kind of argument, that 
the inclination is increafed while the Moon pafies 
from m to q., then diminilhes for the remainder 
of the firft 90° or qji, and is afterwards increafed for 
the other 90° or a n: and the fame may be proved 
for the other half revolution n't m. Confequently, E 
while the nodes are moving from the quadratures 
to the conjunction and oppofition, the inclination is 
increafed by the fame degrees as it before was di- 
minilhed, till they arrive at the conjunction and 
oppofition, at which time it returns to its firft quan¬ 
tity, being then greateft of all. 

, The line of the nodes in the courfe of one en- f 
tire revolution, with refpeCt to the Sun, is twice 
in the quadratures and twice in the conjunction and 
oppofition. Therefore, the inclination of the 

4 Moon’s 
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Moon’s orbit to the ecliptic is diminilhed and in- 
creafed by turns, twice in every revolution of the 
nodes. 

G All the irregularities of the Moon’s motion are 
a litde greater when in the half of its orbit neareft 
the Sun, than when it is in the other half; die 
chief reafon of which is, that the difference.' be- 
tween the fquares of the Moon’s and Earth's dis¬ 
tances from the Sun is greater, in pe oportion to 
the fquares themfelves, in the former than in the 
latter cafe at equal elongations from the quadra¬ 
ture, and confequently the difturbing forces muft 
be more confiderable. 

h Although the Moon in reality revolves about 
the common * enter of gravity between itfelf and 
the Earth, and noc about the Earth itfelf, and con- 
lequently their motions and irregularities are fimi- 
Jar, and not confined to the Moon alone; yet it 
may be eafily conceived, that the concliifions arc 
not affe&ed in any degree that may be here re¬ 
garded, when, for the lake of concifenefs, we fup- 
pole one of the two bodies to be quiefeent, and 
the other to revolve about it. 

i Irregularities of the fame kind take place among 
the primary planets by their mutual actions on each 
other, but the quantities are not confiderable. 
Hence the apfides of the planets are found to move 
(224, o) in confequentia, but fo very flowly, that 
Ibrne have doubted whether they move at all. 

k The motions of the aphelia of Saturn, Jupiter, Mars, 
the Earth, Venus, and Mercury, as deduced from the 

comparilon 
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comparifon of diftant obfervations, are refpeCtively, 

2 ° 30', i° 43' 20', 1’ 51' 40", i° 49' 10', 

4 9 io', i° 57 7 40 4 ', in a century. The aCtions L 
of the inferior planets on each other are very mi¬ 
nute, on account of the' fmallnefs of their bulks; 
but thofe of Jupiter and Saturn are not altogether 
infenfible. When Jupiter is between the Sun and m 
S aturn, its whole attraction aCts upon Saturn, and 
increafes the gravity of that planet towards the 
Sun. This is found, by comparing the refpeCtive 
mafies of Jupiter and the Sun, and the refpeCtive 
fquares of their diltances from Saturn to be equal 
to -j-ir of the Sun’s aCtion upon Saturn. Saturn, n 
on the other hand, at the conjunction, aCts upon 
Jupiter and the Sun in the fame direction, and 
therefore difturbs their relative pofition only fb far 
as its aCtions on each are not equal. The difference * 
of thefe aCtions is found by the fame principles to 
be tttVt of Jupiter’s whole gravity. 


CHAP, 



1J4 CONCERNING THE TRUE 

CHAP. IV. 

OF THE FIGURES OF THE PLANETS; THE PRE¬ 
CESSION OF THE EQUINOXES, AND THE NUTA¬ 
TION OF THE EARTH’S AXIS. 

o A mass of fluid matter will, by its gravity, 
form itfelf into a fphere. For if the whole mafs 
be conceived to be divided into a number of fimi- 
lar pyramids or columns, terminating in the center 
of gravity, and one of thefe columns be longer 
or higher than the reft, its projecting part will 
fpread fideways over the other columns, till the 
heights are all equal to its own. The fame is true 
of any other eminences or longer columns. There¬ 
fore, when all the fubfidences are effected, and the 
mats is at reft, its form will be that of a folid, 
whofe furface is every where equidiftant from its 
• center. And this is the property of a fphere. 
p This takes place in a mafs whofe parts pre- 
ferve the fame fituation with refpeCt to its center; 
but if the fphere be caufed to revolve on its own 
axis, a centrifugal force will be produced that will 
diminifh the gravity of all its parts, except thofe 
which are fituated in the axis of rotation. This 
diminution will be greateft in the equator, becaufe 
the velocity is there greateft, and becaufe the cen¬ 
trifugal force a£ts direCtly againft the force of gra¬ 
vity. And the nearer any parallel of latitude or 
circle of rotation is to one of the poles, the left 

will 
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will the gravity of the parts be affected, both the 
above mentioned caufes being lefs. The equili¬ 
brium, .before fubfifting between the columns in a 
fpherical figure, will confequently be deftroyed, 
and the fame effedt muft take place, as would have 
followed if the columns at the polar regions had 
been lengthened or augmented in mafs beyond thofe 
near the equatorial parts, that is to fay, the columns 
near the poles will fpread over thofe, towards the 
equator, till the difference of their lengths com- 
penfates for the difference of their gravities. Thus 
the fphere, by its rotation, will be changed into a 
folid, whofe radii, drawn to the center, are longett 
near the equator, and fhorteft towards the poles, 
the axis being the fhorteft of all its diameters. 

By computation grounded on thefe and other R. 
confide rations, i.t is fhewn, that bodies at the equa¬ 
tor of the Earth lofe more than part of their 
gravity, and that the equatorial diameter is to the 
axis as 231 to 230, upon the fuppofition that the 
Earth is every where of the fanie uniform denfity. 
For what has been faid of a fluid mafs will hold 
good of the Earth, fince if it were not of this figure, 
but fpherical, the ocean would overflow the re¬ 
gions near the equator, and leave the polar regions 
elevated many miles above the level of the fea. 
But experience fhews, that the land is in general 
no more elevated above the fea in one part of the 
globe than another. 

This decreafe of gravity towards the equator t 
is remarkably feen in the motion of pendulums. 

For 
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For a pendulum, which in a higher latitude vi¬ 
brates feconds, is found to go flower at the equa¬ 
tor, and that in a much greater proportion than 
can a rife from the lengthening 'of the rod by heat, 
nay, even in the coldeft parts of the mountains ’ of 
Spanilh America, which are conftantly covered 
u with fnow. • From the juft mentioned quantity of 
diminution of gravity, it is not difficult to com¬ 
pute the length of a pendulum (87, y) which (hall 
vibrate feconds in a given latitude, and from the 
agreement of thefe computations with experience, 
the oblate Ipheroidal figure of the Earth, as aUb 
the diurnal rotation from which it originates, are 
both confirmed. 

v . The lame conclufion has likewife been obtained 

* 

from the labours of many ingenious and learned 
men, who have adlually meafured the lengths of 
certain portions of the meridian in different lati¬ 
tudes, by which it appears, that the degrees are 
fhorter towards the equator than nearer the poles. 
Whence it follows, that the meridian is more curved 
near the equator, and lefe near the poles, or in 
other words, that the Earth is flattened about the 

m 

polar regions. 

w The meafure of a degree of the meridian, be¬ 
ginning at the equator, was found to be 56750 
French toifes, and the meafure of a degree of the 
meridian cutting the atfftic circle, was found to be 
57422 French toifes *. 

# See De Li Lande’s Afrronomie, § 2655, & feq. for a de¬ 
tail of the principal enterprifes on this interefting fubjcft. 

■Thelfe 
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Thefe raenfurarions conftitute tjie experimental x 
proof of the Earth’s rotation on its axis; for it 
is evident* that a centrifugal force cannot be pro¬ 
duced but by an abfolute motion: and as the effedts 
of this force are obferved in the figure of the Earth, 
and -not at all in the heavens, the motion of the 
Earth muft be abfolute and real, and that of the 
heavens only relative and apparent. 

The planet Jupiter revolves on its axis in left y 
than ten hours j a rapidity which much exceeds 
that of the Earths and its figure differs accord¬ 
ingly much more from that of a fphere, its equa¬ 
torial diameter exceeding its polar diameter, ac¬ 
cording to the oblervations of aftronomers, as 13 
to 14 (12.6). 

It has alfo been already noticed, that a fimilar z 
phenomenon is feen in the planet Mars (126). 

If a number of fluid bodies revolved about the a 
Earth at equal diflances from its center, they 
would, by the adtion of the Sun, or any other 
planet, be fubjedt to irregularities of the fame 
kind as the Moon has been fliewn to have in its 
motion; that is, they would approach nearer, and 
move Iwiftcr at the conjundtion and oppofition than 
at the quadratures (221,1.222, l). And if the b 
number of bodies were fo great as to become con¬ 
tiguous, and form a fluid rfog or circle, the parts 
of this ring would be affedted in the fame manner. 

If it were inclined to the ecliptic, the nodes would 
be ftationary when in the conjundtion or oppofi¬ 
tion (226, u) and be carried in a retrograde direc¬ 
tion 
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tion in the other revolutions (229, z), but molt 
fwiftly when they were fituated in the quadratures 
( 2 2 6, u). Its inclination would likewife vary in every 
revolution (230, b), and in a fpace of time fome- 
what lefs than a periodical year would be diminifhed 
and increafed, by turns, twice (230, a. 231, f). 

c Suppofe this fluid ring to be of the fame dia¬ 
meter as the Earth, to be placed in a cavity hol¬ 
lowed round the Earth at the equator, and to re¬ 
volve in the fame time and direction as the Earth 
does on its axis. Its motion would not then be 
uniform (237, b), but at the conjunction and op- 
pofition fwifter than the furface of the Earth, 
and flower at the quadratures j _confequently, with 
refpeCt to the furface of the Earth, it would ebb 
and flow like a fea. For, by renfon of the increafed 
fwiftnefs at the conjunction and oppolition, and 
the retardation at the quadratures, the fluid, be¬ 
tween the conjunction or oppofition and the en- 
fuing quadrature, would form a cumulus or heap, 
while a correfpondent defect would happen in the 
other quadrants preceding the conjunction and op¬ 
pofition. 

D If this ring be now fuppofed to be frozen or con¬ 
verted into a folid, the flux and reflux will ceafe, 

- but the preceffion of the nodes and the libratory 
increafe and decrcafe of the inclination will re¬ 
main (237, b). Suppofe the ring to adhere to the 
furface of the Earth at the equator, inltead of be¬ 
ing admitted into a cavity} it will then commu¬ 
nicate part of its motion to the Earth, the nodes of 

whofe 
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whofe equator will recede, but with a much flower 
motion than thofe of the ring would have receded, 
if it had not adhered to the Earth; and the obli¬ 
quity or. angle which the equator makes with the 
ecliptic, will be diminifhed and increafed alternate¬ 
ly twice in a year. 

The elevation of the equatorial parts of the e 
Earth have the fame effeft as fuch a ring would 
have; for the excels of matter in thofe regions 
fupplies its place. 

Aftronomers begin the year in the Spring, when f 
the Sun is in that node of the equator, or equinoc¬ 
tial point at which the days begin to lengthen in 
the northern hemifphere. Now it is plain (187), that 
if the equinoftial points had no motion, the 
Earth would complete one revolution in its orbit 
in the fame time that the Sun employs in appa¬ 
rently palling from one of the equinoxes, and re¬ 
turning again to the fame. But, becaufe of the 
retrograde motion, the line of the nodes of the 
equator, or diameter of the Earth which joins the 
equino&ial points,. is brought to coincide again 
with the line which joins the centers of the Sun 
and Earth, before its periodical revolution is com¬ 
pleted; and therefore the circle of the fealbns is • 
performed in lefs time than the Earth’s revolution 
in its orbit. The a&ions both of the Sun and o 
Moon on the redundant matter in the equatorial 
regions tend to produce this motion, which is 
fo flow, that a complete revolution will not be 
flnilhed in lefs than twenty-five thoufand years. 

This 
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h This is called die precelfion of the equinoxes, and 
is the reafon that the fixed ftars appear to advance 

\ i 

in longitude about 50 feconds of meafiire in a 
year j whence it has happened, that fince the time 
of Ptolemy, the zodiacal figures have advanced 
the greateft part of a whole fign: the conftellation' 
Aries being lituate in that part of the ecliptic 
which is denominated from Taurus, Taurus in the 

1 place of Gemini, &c. The difference between the 
natural year or period of the feafbns, and the pe¬ 
riodical year, or time of the Earth’s revolution in 
its orbit, is 26" 34^*5 for the natural year confifts 
of 365* 5 h 48' 45 t^» and the periodical year of 
365* 6 h 15 y ao*. 

k The fideral year, or time employed by the Sun 
in returning to the fame apparent pofition with re- 
fpedfc to a fixed ftar, is 365* 6 h 9' 1 The difference 
between the periodical and fideral year is occa- . 
fioned by the motion of the apfis of the Earth’s 
orbit (216, k). 

l The libratory variation of the inclination of the 
equator to the ecliptic is termed the nutation of 
the Earth’s axis. The theory of attraction had 
afcertained its exiftence, long before agronomical 

■ obfervations were brought to a fufficient degree of 
perfection to render it fenfible. Its whole cffeCt 
fcarcely amounts to 18 feconds. It was firft ob- 
ferved by Dr. Bradley 

* * 

0 ✓ 

• Phil. Tranf. January, 1748. 4 
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OF THE TIDES. 

Though the cauffc of .the tides may be col- m 
lofted from what Was faid in the laft chapter; yet, 
as it is the only obvious inftance we have of the 

w 

mutual gravitation of the celeftial bodies, it will 
be proper to give a more particular explanation 
of It. 

If the Earth were every where covered with a tf 
deep fea, it is plain, from the reafons before re¬ 
cited (238, c), that the water would not, in the 
diurnal rotation, move with the fame uniform ve- 
lociry as the Earth. For, if the apparent diurnal 
revolution of the Moon be called a lunar day, and 
be divided into twenty- four equal parts or hours, . # 
the water fituated near the meud»an over which the 
Moon at any time is, will move fwifter, and the 
water fituated near the meridian fix hours to the 
eaftwatd or weft ward, will move flower; becaufe 
the water on each parallel of latitude may be 
conceived to be a fluid ring, and will be affedted 
by the difturbing force nearly in proportion to 
Its diameter. The fea, then, being accelerated 
at the meridian upon which the Moon is, and 
retarded at the meridian', that is 90 J or 6 hours 
to the eaftward, will be accumulated between the , 
two places; its greateft height being at the half 
Vol. I. R diftance, - 
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diftance, or meridian which the Moon has’parted 
three hours* And on the other hand, the retarda- 

9 

don at the quadrature-to the weftward, preventing 
the water front flowing as faft as the acceleration, 
at the Meridian at winch the Moon is, carries it 
away, the fea muft of courfe be deprefled between 
the two places, its greateft depteflion being at the 
half diftance, or meridian at which the Moon drill 
arrive in three hours. A fimilar accumulation and 
diminution will happen at the places which are 
diametrically oppolite to thofe here deferibed, 

O though not altogether io great (23-2, o). The 
difturbing force of the Sun will adt in a like man¬ 
ner, but lefs ftrongfy; for, though the Moon's at- * 
tra&ive force be vaflly lefs than that of the Sun, 
yet, becaufe its diftance in companion to that of 
the Sun from the Earth is very fmall, the forces 
with which it afts on different parts of the Earth 
will vary more confiderably from paralleliftn and 
equality j and the irregularities in any fyftem, which 
arife from the a&ions of forces from without, are 
OCCafioned (79, w), not by the whole a&ions of 
the forces, but only by their differences in quantity, 
or want of paralleliftn in direction, 
p Thus, it is evident, that the fea, as for as cir- 
cumftances allow, muft in every place be raifed 
to its greateft and kaft height, alternately twice in 
cadt lunar day. Being ckvated once at three lunar 
hours after the Moon has parted rite meridian of 
the place, and once at twelve hours after, or three 
hours after the Moon has pafiod the oppolite part 

of 
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of the finite meridian; and at fix hours after each 
of theft elevations its greatcft deprefikms follow. 
This appears by the tides in the Atlantic ocean on o 
the weftem coafts of Europe and Africa, and in the 
Pacific ocean on the open coafts of Afia and Ame¬ 
rica, where high-water always happens about the 
third hour after the Moon has pafied the meridian, 
except where the motion of the fea is Ibmewhat 
impaled by flats or fhoals. 

The effe£h> of the difturbing forces of the Sun r 
and Moon are not ften diftip&ly, but compound¬ 
ing with each other produce a motion which is dif¬ 
ferent from what would have arifen from the fingle 
a&ion of either luminary. At the time of the conjunc- s 
tion or oppofition their effects are united, and the 
tides are greateft, being what are called Spring* 
tides. ‘faben the Moon is in the quadrature, the t 
Sun's a&ion raifes the water where the action of 
the Moon deprefies 1 it, and deprefies it where foe 
a&ion of foe Moon raifes it: from the difference 
of their a&ions therefore arifes the leaft, or, as they 
are called. Neap-tides. And, becaufe the a&ion u 
of the Moon exceeds that of foe Sun, high-water 
follows neateft the third lunar hour. At other times v 
high-water arifing from the lunar force would hap¬ 
pen on the third lunar hour, and that which arifes 
from the Sun's force on the third folar hour; but 
the forces being compounded, produce a tide which 
happens at fome intermediate time, though always, 
on account of foe greater force, neareft to foe third 
lunar hour. Consequently, when foe third folar w 

R 2 houf 
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hour precedes the third lunar hour* as is the Cafe 
while the Moon is in die firft and third quarters* 
high-water happens fooncr than the third lunar 
hour, and the contrary happens when the third 
lunar hour precedes the third folar hour, as in the 
x fccond and fourth quarters. It is to be noted, that 
no diftindtion is here made between the hour of the 
Sun or Moon's pafljng the meridian above the 
horizon, or beneath it; the effedt being nearly the 
lame with relpedt to the tides, 
y The effedts of the difturbing forces of the Sun 
and Moon depend likewife upon their reTpedtive 
ditlances from the Earth. For theft: efredts are 
z greater at lefs diftances. And therefore in winter, 
when the Earth is in its perihelium, the Sun being 
nearer, caufts the lpring-tides to be fomewhat 
greater and the neap-tides fomewhat lefs, than in 
a the fummerj and the Moon bring each month in 
its perigeum, does then, in like circumftances, 
B caufe greater tides than at other times; whence 
it happens, that if a great fpring-tide happens 
when the Moon is in its perigeum, the next Ipring- 
tide will be lels, becaufe the Moon will be then 
in its apogeum, or greateft diltance. 
c The tides vaiy likewife in confequence of the 
d varying declinations of the Sun and Moon. For 
if either of thefe luminaries were foppofed to be 
at the pole, it would neither accelerate nor retard 

the diurnal' rotation of the water, but would oc- 

*■ m m 

cation a tonftant elevation at the poles, by di- 
xninilbing the eJFeft of gravity there, and a con¬ 
ftant 
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fuuic depreflion at the equator, from an oppofite 

■* >* \ ■ v , * _ * * * „ t f ! 

cflufe (a 19, c. G2Q, a). Therefore, no alternate 

rife and fall of the water, or ride, Would be produced, 

» . „•'* • • * . • \ 

Confequently,. as the Sun and Moon decline to- B 

r 

wards the pole, they gradually lofe their effects, 

s + 

.and the tides become tefe confiderable. When the f 
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Sun is in the equator, and the Moon at the tropic, 
or its greateflr declination, th£ tides are lefs than 
when the Moon is at the equator, and the Sun in 
the tropic: becaufe in the firft cafe the Sun’s in¬ 
fluence is the greateft poflible, and the Moon's 
leaft; and in the latter the Moon’s influence is tho . 

% % 1 

greateft poflible, and the Sun’s leaft: and as the 
tides depend more upon the Moon’s influence than 
that of the Sun, they are greateft when its a&ion 
is greateft. When the Sun and Moon are both o 
in the equator, the fpring-tides are the greateft of 
any. However, becaufe the Earth is, nearer the h 
Sun in winter than in fummer, the greateft au¬ 
tumnal fpring-tides are generally later than the 
equinox i and the greateft vernal fpring-tides are 
generally before the equinox. 

When the Moon declines either to the' north- 1 
ward or fouthward of the equator, one of the great¬ 
eft elevations of the water follows the Moon, and 
deferibes nearly the fame .parallel of latitude as 
die Moon,. by the diurnal motion, apparently de- 
fcribesj and the other greateft elevation being 

diametrically oppofite, muft,. of courle, defcribe a 

» r « 1 %I 

parallel of latitude at an equal diftance .on the 
other lide of the equator. The grfeateft elevation, 

■ R 1 which 

•» - t vr 
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which moves on the feme -fide of the equator with 
a given place, will come nearer tb it than the op- 
k polite elevation; and therefore when the Moon 
declines towards the fame fide of the equator, as 
that on which the "given place is fitu&ted, the day- 
tides, or tides which happen while the Moon is 
above the horizon, will be greateft, and the night- 
tides, or thole which happen while the Moon is 
beneath the horizon, will be leaft. And the con¬ 
trary happens when the Moon declines to the other 
l fide of the equator. Thus, the elevation at high- 
water is alternately greater and lefs; and thft diffe¬ 
rence is greateft when the Sun and Moon both 
defpribe the lame tropic, becaufe the oppofite ele¬ 
vations then deferibe the tropics, which are the 
fartheft from each other of any two parallel circles 
they can poffibly deferibe. This difference is 
found to be about a foot at Plymouth, and fifteen 
inches at Briftol. 

u If the actions of the Sun and Moon were to 
ceafe at once, the tides would not immediately ceafe, 
but would continue for fome time by the undu¬ 
lating motion of the water. This undulation would 
be greater, if the actions were to ceafe at the time 
N of a great tide than at the time of a lefs; and there¬ 
fore lefs tides, which fucceed greater, are more in- 
creafed by it than greater tides which fucceed left: 
confequently the difference between the tides is ren¬ 
dered left than it would otherwife have been, and 
the greateft fpring and neap-tides do not happen 
precifely at the Conjunction or oppolition, and qua¬ 
dratures, but two or three tides later. 
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If die gfcatcft acceleration and retardation of the o 
diurnal motion (241* k) cannot fubfift in the fcm'e 
lea ax the fame time, the accumulation or defcd 
muft coniequently be lefsi that is to fay, if one of 
the Ihores or coafts of any fea be k& dun ninety 
degrees to the eaftward or weftward of the other, 
and die caftern coaft, for inftance, be immediately 
under the Moon, the acceleration” will, by cauiing 
the water to rile, occafion a defed or fail to the 
weftward, becaufe the weftern parts, being retarxled, 
do not follow with a velocity fufficient to fupply 
what is carried to the eaftward by the acceleration: 
and the greater this retardation the greater the defeft 
or fall But fince by the fuppofition the weftern Ihore 
is not 90 degrees diftant, the retardation is not there 
fo great as it would have been had the fea been wider; 
and therefore the fell in that fea is not fo great. 

By a like argument it appears, that when the Moon 
is at the meridian of the weftern coaft* the elevation 
is lefs, if the fea be lefs than ninety degrees from eaft 
to weft. Hence in fmall inland feas the rides are p 
inconftderable j and for this caufe, in the Atlantic 
ocean the rides do not rife fo high between the tro¬ 
pics as they do farther to the north or fouth, the fea 
being narrower between America and Africa in the 
lower than in the higher latitudes. From hence Q, 
alfo follows the reafon why the tides are fo fmall as 
they are found to be at the iftands of St. Helena and 
Afcenfion, which He in the middle of that fea s for, 
fince the water cannot rile on the Ihore but by 
foiling at the other, it muft continue at a mean 
height at thefe intermediate diftant iftands. 

*4 
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n This theory of th6 tides is perfir&ly cwnfentane- 
ous to experience in the open and deep oceans i 
and in tbe Idler leas, as has been obferved, the tides 
are very fatal]. But, when thole left leas have 
a free comnuinicsftion with the ocean, the tide flows 
info them in a kind of wave, which on its arrival at 
s any place caufes high-water. Thus it is high- 
water ui the ocean to the weftward of England and 
Ireland at the third lunar hours after which it be¬ 
gins-to fubfide. This ftibfidence muft, of coutfe, 
raifc the water round about, whence a flood begins 
to enter the Englifh channel at about the fixth hour, 

‘ , its coui fe being retarded by the lhallowncfs of the 
water. Another flood enters the German lea to the 
northward, near the Orkney iflandb, and pioceeds 
to the fouthward. As thefe floods proceed on their 
refpfedtive couifes, it is high-water fuccefiively at 
every place on the coifts at which they arrive, and 
when the wave has paired any place the water be- 
T gins there to fubfide. For example; it is high- 
water at Plymouth about the fixth hour, at the Ifle 
of Wight about the ninth hour, and at London- 
bridge about the fifteenth hour after the Moon has • 
pafled the meiidian, and caufed the tide in queftion. 
Therefore, when it is high-water at Plymouth the 
water out at fea has half fubfldedr when it is 
high-water at the Ifle of Wight it is low water out 
at lea; and when it is high-water at London-bridge 
' it is low water at the Ifle of Wight, and a lecond 
flood or elevation has already come to its height oat 
at fea. 


There 
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There are fituatiems wherd the tide may be car- u 
ried to the fame port by different paflages or chan¬ 
nels, and may pafs quicker through one pafiage 
than another: in which cafe, the feme tide, arriv¬ 
ing at different times through the ‘different paflages, ' 
muft occafion a variety of phenomena. Suppofe v 
two equal tides to arrive at the fame port from dif¬ 
ferent places; the one at the third, and the other at 
the ninth hour after the Moon has pafled the meri- 
dnn; the firft tide therefore preceding the latter by 
fix hours; and fuppofe the Moon to be at the equa¬ 
tor: then, every fix hours a tide will arrive, which, 
flowing in at the fame tune as the preceding equal 
tide ebbs out, will caufe the water to continue at 
the fame height, and thus it will neither life nor fell 
during the whole day. But if the Moon decline 
fiom the equator, the tides in the ocean will be 
alternately greater and lefs, as has been obferved; 
and therefore theie will arrive at this port, alter¬ 
nately, two greater floods proceeding from the 
greater tide in the ocean, and two lefs floods pro¬ 
ceeding from the leffer tide in the ocean. At the 
mean or intermediate time between the arrivals of 
the two greater tides, the water will then be highcfl; 
between a greater and a lefs tide it will be at a 
mean height; and loweft of all at the middle time 
between the arrivals of the two lefs tides. By thefe 
means, in the fpace of twenty-four hours, the fea 
will rife to its greateft, and fall to its leaft heigh r 
but once, inftcad of twice, as in general it does in 
qther places j ahd if the Moon decline towards the 

fame 
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feme fide of the equator, as that out which the port 
is fituated,' the two greater tides will arrive at the 
third and ninth hours, and the greateft elevation 
will be at the fixth hour, or at about the letting 
of the Moon: the lcaft elevation will confer 
qucntly happen between the two leaf): tides, at the 
eighteenth hour, or about the riling of the Moon. 
And the lame effetts will take place when the 
Moon declines to the contrary fide of the equators 
but with this difference, that whereas high and low 
water happened then refpe&ively at the fetting and 
riling of the Moon, they will in the prefent cafe 
happen reJpe&ively at the riling and fetting of the 
Moon. 

w A remarkable inftance of all thefe particulars is 
adduced by Dr. Halley, in the port of Batlha, in 
the kingdom of Tonquin, which lies in 20° 50' 
north latitude. There, on the day on which the 
Moon pafles the equator, the water ftagnates; after* 
wards, on the Moon’s declining to the northward, 
it begins to ebb and flow j not twice in the day, as 
in other ports, but once only; and high-water 
happens at the fetting, and low-water at the riling 
of the Moon. The tides increafe with the Moon’s 
declination for feven or eight days; after which, for 
the next feven days, they decrcafe by the fame gra¬ 
dation as they before increafed, dll the Moon’s 
arrival again at the equator, when they ceafe, and 
upon its changing its declination are reverted. For 
while its declination becomes foutheriy, low-water 
happens at die fetting, and high-water at the riling 

of 
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of the Moon j which* continues till .Its declination 

- again changes. Nowit appears, that die'tide muft 

# * 

come to this port by two inlets or pafiages; one be¬ 
tween the continent of China and the ifland Luco- 
jiia, communicating with the Chincfe ocean, and die 
other between the ifland of Borneo and the conti¬ 
nent. ■ But whether the tide arriving from the Indian 
ocean, after a courfe of twelve hours, and from the 
Chinefc ocean after a courfe of fix, and thence hap¬ 
pening on the 'third and ninth lunar hours, be the 
caufe of thefe appearances; or whether lome other 
-circumftances may not be concerned in producing 
the effcdt, muft be determined by obfervations on 
(he neighbouring coafts. 
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SECT. I. 

Of Light. 


CHAP. I. 

CONCERNING THE MOTION OF LIGHT. 

In the former part of this Treatife our attention x 
has been employed in confidering fuch effe&s as 
arife from the motions and mutual actions of bodies, 
of magnitude fufficient to become the objedts of 
our fenfes. It may be eafily feen, that phenomena 
of this kind are but few compared with the very 
great number of operations which arife from the 
adtions of bodies too minute to be determined but 
by deductions ojr inferences made from their effedts. 
We have contemplated the great outline of the uni- 
verfe, and its vaftnels cannot but excite the aftoniffi- 
ment of creatures who are defiined at prefent to 
occupy an exceedingly fmall part of it. As we pro¬ 
ceed to examine that fmall part, we fhall develope a 
fcene of another kind, which, though expanded 
through a lefs portion of fpace, is equally immenfe 
and unlimited with regard to the field it affords for 
admiration and perpetual difcovery. 

The fuccels of every .enquiry depends in no lmall v 
degree on the order employed in the feveral re- 
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fe arches to be made. It is obvious, that the pro¬ 
bability of error is greater the more complicated the 
fubjcCt i whence the neceflity of firft examining the 
moft limple, and thence proceeding to more com¬ 
pounded objects, is evident. This principle leads 
us, in our confide ration of the particular properties 
of various bodies, to attend firft to thofe of light. 

2 It is generally agreed, that light confifts^of fmall 
bodies or parades, projected with great velocity in 
all directions, from the luminous or radiant body. 
No fblid objections have been made to this hypo¬ 
thecs, which appears *o be more fimple than any 
other, and is perfectly confident with all the phe¬ 
nomena yet obferved j and thefe are fo many and 
fo various as to leave very little doubt of its truth. 

a The velocity of light was firft determined by 
Monf. Romer, from obfervations on Jupiter’s 
Moons (140, w) and the meafure deduced from 
his obfervations was afterwards confirmed and dla- 
blifhed by the difeovery of the aberration of the 
fixed ftars. The principles on which this difeo- 
,vcry is founded may be familiarly explained as fol¬ 
lows *. 

b Suppole a tube to be ereCted perpendicular to 
the horizon, at a time when it rains, the drops 
falling perpendicularly down, and iiippoie die 
diameter of the tube to be fuch as to admit but 
one drop at a time: then it is plain, that if a 

* The Ofigtnal account of this difeovery may be feea in a 
paper by its inventor Dr. Bradley, inferted in the Philoso¬ 
phical Tranfa&kras for the year 1728, No* 406. 
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drop of water enter the orifice of the tube it wifi 
fall to the bottom without touching its fideS. But 
if.the tube, without altering its perpendicularity, 
be moved along in the dire6lion of the horizon, 
any drop that enters will ftrike again ft one of its 
lides, and none win pafs clear through while the mo¬ 
tion continues, unlefi the upper end of the tube be 
alfo inclined towards the part to which its motion 
is directed. 

* 

Thus, if a b (fig. 70) reprefent the horizon, cd c 
the perpendicular tube, and 0 d the courfe of a drop 
of rain: then, if cd be moved towards a, while 
the drop is falling within the tube, it is evident that 
the inner furface of the tube, which is fituated to¬ 
wards b, will be carried again ft the drop, and pre¬ 
vent its arriving at the bottom without touching. 
But if the inclined tube s c be moved with a fimi- 
lar motion to that of the drop from e to d, in the 
time that the drop moves from c to d, the lower 
orifice of the tube and the drop will be found at o 
at the lame inftant; and- the velocity of the drop 
will be expreffed by c d, and that of the tube by 

E D. 

The lame reafoning holds good, if inftead of d 
drops of rain we fuppofe particles' of light, and a 
teleicope inftead of a tube. For to an obfcrver, 
who through the tube c d views the vaftly diftant 
obje& o, if the motion of light be inftantaneous, 
or infinitely iwift, no finite motion of c d, its pofi- 
tion being Unaltered, pan prevent its being vifible; 
fince, by the fuppofirion, ^lic light which enters at 

c will 
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t will arrive at d before c d can have moved at all. 
But if light be propagated in time, and the obferver 
be carried by a motion fimilar, as to acceleration* 
to that of light, the tube mild be inclined to the 
ray in an angle, whole fine is to the fine of ced, 
or the angle the tube makes with the line of the 
oifterver's motion, as the velocity of the obferver 
is to the velocity oF light. For in the triangle o c e, 
the fides d s and d c, which exprefs thefe veloci¬ 
ties, are as the fine., of their o^p >fitc angles. Hence 
if the angle of the inclination of the tube to the ra/ 
of ligh*-, together wan the velocity and dneflion of 
the obftivet’s motion be known, the velocity df 
light may be detet mined. 

E By this theory, which is eftablilhcd by a great 
number of ubfervations on ftars of difleient mag¬ 
nitudes and ficuarion<;, it appears, that the fmail 
apparent motion the fixed ftars have about their 
real places, which is called then Aberiation, 
atifes from the proportion which the velocity of 
the Earth’s motion in her orbit bears to that of 
* light* This proportion is found to be as 10210 
to 1: from whence it follows, that light moves or 
is propagated as for as from the Sun to the Earth 
o in 8' 1 2 f . And it likewife appears, that the velo¬ 
city of light is uniform, and the fame, whether 
briginal, as from the ftars, or reflected, as from the 
fatellites of Jupiter (140, w). 
h The velocity of light being known, an efid- 
mate might be made of the magnitude of its par¬ 
ticles, if we were in apofiefBon of good observa¬ 
tions 
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tions of the effects of their momentum. For 
example, it is found, that a ball from a cannon 
at its firft difcharge flies with a velocity of about a 
mile in * eight leconds, and would therefore arrive 
at the Sun in thirty-two years, fuppofing it to move 
with unremitted velocity. And light, as was before 
obferved, moves through that lpace in about eight 
minutes, which is two million times as fart:. But 
the force with which bodies move are as their mafies 
multiplied by their velocities (19, l)j and confe- k 
quently if the particles of light were equal in mafs to 
the two millionth part of a grain of fand, we foould 
be no more able to endure their impulfe than that 
of fand foot point blank from the mouth of a can 
non. 

From feveral experiments j* that well defcrve l 
to be repeated, in which the Sun’s rays were 
thrown, much condenfed, upon a very light lever, 
fufpended fo as to be removeable horizontally, it feems 
probable that the momentum of light may be great 
enough to be rendered fenfible by the velocity it 
communicates to bodies by its impulfe. 

The rarity of light is not lefs a matter of wonder m 
at the firft confideration, than its velocity and the 
minutenefs of its pai tides. For its rays crofs each 
other in all directions without the lead apparent 
difturbance. We can eafily fee throligh a fmall* 

• This varies according to the charge of powder and other 
circumftances. 

t By Mr. Michell. See Pricftley’s Optics, p. 387. 
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hole, not exceeding the t4tt part of an inch, the 
objects, as the fky, trees, houfes, Stc.which occupy 
almoft an entire hemifphere. , The light proceed¬ 
ing from all thefe objedts muil therefore pais at the 
lame time through the jiole in a very great variety 
' of directions before they arrive at the eye; yet it 
does not appear that vilion is in the lead difturbed 
by that means. 

N This is, however, explained without difficulty 
from a well known circumftance relative to the 
organS of vilion. For the adtion of light produces 
an effedt on the eye that is not inilantaneous, but 
'lafts a confiderable time. Suppofe the effedt of 
light on the eye to continue without fenfible dimi¬ 
nution, after the light has ceafed to adt, for the 
part of a lecond, and it will follow that a fuc- 
ceffion of particles of light arriving at the eye, by 
equal intervals, to the number of three hundred in 
a lecond, will be fufficient to excite a conftant 
and uniform fenfation of the prefence of light. 
And lince the velocity of light is fuch that it pafies 
through about one hundred and leventy thoulhnd 
geographical miles in a lecond (140, w)j this 
fpace divided by 300, will give nearly 570 miles 
for the diftance between each of the above-men¬ 
tioned fucceffive particles. It is not therefore to 
be wondered, that the particles of light do not 
interrupt each other, when we attend to their ex¬ 
treme minutenefs (257, k.) and tfic very great 
diftance at which ,they may follow each other with¬ 
out preventing the conftancy of their effedt. 
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That the effcft of light on the eye remains for a 
time is evinced from feveral obfervariorw. We 
are continually Ihutting Ouf eyes, or winking, and 
lhould on thofe occafions lofe light of all the fur¬ 
rounding objects, if the effeft of their light did 
not continue during the time the eye is (hut. 
Again, if a ftick, or any other object, be whirled 
round in a circle, there is a certain velocity beyond 
which the object will fill the whole circle. This 
experiment is vulgarly made with a lighted fire¬ 
brand, and obvioufly Ihews that the impreffion, 
made on the eye by the light of the firebrand, 
when in any given point of the circle, is fuffiti- 
ently lading to remain till the firebrand has de- 
fcribed the whole circle, and again renews its effect,, 
which is by that means rendered continual and 
uniform. Every one muft have been fenfible of 
the ftrong and lading impreffion the Sun’s di¬ 
rect light makes upon the eye j and impreffions of 
the fame kind from other objects, though weaker, 
are much lefs fo than is generally imagined. 

With refpeft to the duration of the impreffions 

of light, it has been obferved, that the teeth of a 

■ 

cog-wheel in a clock * were dill vifible in fuc- 
ceffion when the velocity of rotation brought 246 
teeth through a given fixed point in a fecond. In 
this cafe it is clear, that if the impreffion made on 
the eye by the light refledted from any tooth, had 
laded without fenfible diminution for the 246th 
part of a fecond, the teeth would have formed one 

• YVatfon on Time. 
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unbroken line, becaufe a new tenth would have 
continually arrived in the place of the anterior one 
before its image could have difappeared. If a live 
coal be whirled round, it is obferved *, that the 
luminous circle is complete when the rotation is 
performed in of a fecond'. In this inllance we 
fee that the impreflion was much more durable 
than the former* Laftly, if an obferver fitting in 
a room direft his fight through a window, to any 
particular objeft out of doors, for about half a 
minute, and then fhut his eyes, and cover them 
with his hands, he will Hill continue to fee the 
window, together with the outline of the terreftrial 
objects bordering on the fky. This appearance 
will remain for near a minute, though occafionally 
vanilhing and changing color, in a manner that 
brevity forbids our minutely deferibing. From 
thefe fads we are authorized to conclude, that all 
impreffions of light on the eye laft a confider- 
ablc tune; that the brighteft objects make the 
moft lading impreffions i and that, if the object 
be very bright, or the eye weak, the impreflion 
may remain for a time fo ftrong, as to mix with 
and confufe the lubfequent impreffions made by 
other objects. In the laft cafe the eye is faid to 
be dazzled by the light. 

The fpace through which light pafles is called 
a medium r by which term reference is had to the 
quantity or denfity of the matter contained in the 

* By M. D’Arcy, See Mem. de l’Acad, des Sciences, 
1765 } or Pricftley’s Optics, p. 634. 
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fpace: thus, glals and air are mediums, hut a va¬ 
cuum, or fpace abfolutely void, is a medium alio. 

When , light paffes through mediums, either ab- r, 
folutely void, or containing matter of an uniform 
denfity, and of the fame kind, it always is found 
to proceed in ftraight lines. Whence it follows, 
that the rarity of light increafes as the fquare of 
the diftance from the radiant body. For the light 
which falls on the fquare abcd, (fig. 71) from 
the point a, at the diftance r a, will be fpread over 
a furface, abed, four times as large at twice the 
diftance, or r a. 


CHAP. II. 

OPTICAL DEFINITIONS AND PRINCIPLES. 

When a ray of light paftes out of one medium s 
into another, and is bent out of its courfe at their 
common furface, this bending is called refraction. 

When a ray of light proceeds to the common t 
furface of two mediums, and inftead of palling 
from the one into the other, is turned back into 
the fir ft, this turning back is called reflection. 

The angle of incidence is the acute angle which u 
the line deferibed by the ray of light makes with 
a line drawn perpendicular to the furface at the 
point of incidence. 

The angle of reflection or refraction is the acute v 
Rngle, which the line deferibed by the ray of light 

S 3 after 
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after reflexion or refradtion makes with the per¬ 
pendicular to the furface at the point of incidence. 

w Thus, if r s reprefent the common furface of 
two mediums, ac (fig. 72) a ray of light inci¬ 
dent at c, and p cl a line interfering the furface 
at right angles at c; then the angle acp is the 
angle of incidence. If it be re fie died at c, fo as 
to return in the line cb, then the angle pcb is 
the angle of refiedlion: and if it be refradted at c, 
fo as to proceed in the line c f, the angle qjc f is 
the angle of refradtion. 

x The angles of incidence, refiedlion, and refrac¬ 
tion lie in one and the fame plane. 

y The angle of refiedlion is equal to the angle of 
incidence. 

z If the refradted ray be returned diredlly back 
to the point of incidence, it lhall be refradled into 
the line which was before deferibed by the incident 
ray. 

a The refradlive powers of different mediums are 
nearly as their denfities j that is to fay, if a ray of 
light pals out of a rarer into a denfer medium, it 
will in general be refradted towards the perpendi¬ 
cular, fo that the angle of refradtion will be Ids 
than the angle of incidence. And the contrary 
will happen if the ray pafs out of a denfer into a 
parer medium (262, z). 

tj The fine of the angle of incidence is either ac¬ 
curately or very nearly in a given ratio to the 
fine of (he angle of refradtion^ in ail obliquities of 
the incident ray. 

All 
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All objeCts feen by reflection or refraCtion ap¬ 
pear in that place or direction, from whence qr in 
which the rays were laft reflected or refraCted to 
the eye. 

Thus, if the ray ac (fig. 7a) proceed from an d 
objeCt at a to c, and be thence reflected to the 
eye of the IpeCtator at b, the objeCt will be feen not 
at a but at t, in the direction of the reflected 
ray b c. And if the ray f c proceed from all ob¬ 
ject at f, and be refraCted into the direction c a 
to the eye of a IpeCtator at a, the objeCt will be 
feen not at f but at n, in the direction of the re¬ 
fraCted ray a c. 

On this account it is that objcCts are feen in b 
mirrors or looking-glaffes, and that objeCts ieen 
under water appear out of their true places. Let 
a b c d (fig. 73) reprefent a veffel containing wa- 
„ ter, whole furface is fg, and let o reprefent an 
objeCt at the bottom. Then, to an eye at e the 
objeCt o will be feen at k, by means of the ray o l, 
which palling from a denier to a rarer medium 
(262, a) is refraCted from the perpendicular p 
into the direction lb. Or let abcd (fig. 74) 
reprefent a veffel fo placed with refpeCt to the 
candle e, that the ihadow of the fide a c may fall 
at d. Suppofe it now filled with water, and the 
ihadow will withdraw to d, the ray of fight e a, 
inftead of proceeding to d, being refraCted to d* 
And there is no doubt but that an eye placed at 
d would fee the candle at e in the direction of the 
refraCted ray d a, 

S 4 
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The foregoing principles are founded on experi¬ 
ment or obfervation, and the mathematical appli¬ 
cation of them. to the rays of light which pafs 
through glaffes, or are reflected from mirrors of 
various figures, conftitutes that branch of the fei- 
ence of optics which teaches the conftruftion of 
inftruments. But it will be proper to avoid the 
explanation of thefe for the prefent, till an ac¬ 
count has been given- of the various rcflexibility, 
refrangibility, and colours of light. 


CHAP. III. 

OF THE VARIOUS REFRANGIBILITY OF THE RAYS 

OF LIGHT. 

c Lights which differ in colour differ alfo in ro- 
frangibility, and the contrary. 
h Let ab (fig. 75) reprefent a wedge or trian¬ 
gular prifm of glafs, then the triangle a b c (fig. 76) 
may be conceived to be a feftion of the fame, at 
right angles to its axis. Suppofe j n to be a ray 
of light incident at n, and thence refrafted to e, 
on the furface c b, where it is again redrafted into 
the direftion e m* fuppofe i n to be another ray 
parallel to the former, and confequently incident 
at n, with the fame angle. Now, if the ray i n 
have exaftly the fame capability or difpofition to 
be redrafted by the prifm, as the ray j n, the 
' angles of refraftion will alfo be equal, and in 

will. 
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will, when refradled into the diredtions ne and 
c m, ftill continue parallel to the ray j n, which 
is refradled into n e and e m. But if it be more 
refrangible it will be refradled into diredtions, as 
n f and f g, verging more towards the bafe a c, or, 
if lefs refrangible, it will be refradled into direc¬ 
tions, as n h and h k, that verge lefs towards the 
bafe a c. Whence it appears, that if a pencil or 
colledlion of rays fall parallel to each other on one 
of the fides of a prifm, and do not proceed pa¬ 
rallel to each other on their emergence, it muft be 
becaufe feme of the rays are more refrangible than 
others. 

Let the fpace contained between eg and mr 
( fig. 77) reprefent a darkened chamber, of which 
thofe lines reprefent the fides. Let j n reprefent a 
pencil of light from the Sun, palling through the 
hole f, and incident on the fide b c of the prifm 
abc. It is plain, that if the prifm were not in- 
terpofed, the pencil j n would proceed to s, and 
there illuminate a fmall circular fpot on the walls 
and from the preceding explanation it is evident* 
that if all the rays of light be equally refradled by 
the prifm, the whole pencil, being equally turned 
out of its courfe, will fuffer no alteration with re- 
ipedt to the parallelifm of its rays, and confe- 
quently will, after refradlion, proceed to q_, and 
there illuminate a fpot fimilar to that which would 
have appeared at s. But if the pencil be com- 
pofed of rays not alike refrangible, the mofl re¬ 
frangible rays will be thrown farther from s, and 

the 
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the leaft refrangible, being left deflected out of 
their courfe, muft fall on a part of the wall nearer 
to s, while thofe which are refrangible in the in¬ 
termediate degrees will fall at interpofed diftances 
k between them. The aCtual experiment deter¬ 
mines, that the Sun’s light is compofed of rays, 
whole refrangibilities are not all the fame; for 
after emerging from the prifm, inftead of illumi¬ 
nating a circular (pace, they are fpread into a long 
fpeCtrum, bounded by right-lined fides and circu¬ 
lar ends, and whole length is at right angles to 
the direction of the axis of the prifm. 
l This oblong fpeCtrum is varioufly coloured. The 
lower part, which confifts of the leaft refrangible 
rays, is of a lively red, which, higher up by in- 
fenfible gradations becomes an orange; the orange 
in like manner is fucceeded by a yellow; the yel¬ 
low by a green; the green by a blue; after which 
follows a deep blue or Indigo; and laftly, a faint 
violet. With a prifm, whofe refraCting angle was 
63^ degrees, fb placed, that the angle of inci¬ 
dence on the firft furface was equal to the angle 
of refraction at the emergence or fecond furface, 
the fpeCtrum, received on a wall at the diftance 
of 184- feet, was 10 inches, or 104 in length. 
Its breadth is in all cafes equal to that of the cir¬ 
cle, which would have been formed at that dif¬ 
tance by the admitted beam or pencil of light, if 
the prifm had not been interpofed. 
m The fpaces occupied by the feveral colours of 

the fpeCtrum anfwer to the fuhdivifions of a mu- 

fical 
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Heal chord: thus, if agmf (fig. 79) reprefent 
the fpeCtrum, and the lines f m, ba, dg, z y, &c. 
mark the confines of the colours; the fpace m a b r 
being occupied by the red, a g d b by the orange, 
gyzd by the yellow, and fo forth, in the order 
above-mentioned, and cm be prolonged to x, fo 
that m x may be equal to o m, the lines c x, lx, 
jx, ex, yx, gx, ax, mx, will be in proportion 
to each other as the numbers 1, -§, £, •?, 

it an d therefore exprefs the chords of the key, 
tone, lefs third, fourth, fifth, greater fixth, greater 
feventh, and oCtave. Or, to render it more fami¬ 
liar to thole whole knowledge of mufic is merely 
pra&ical, let a b reprefent the firing of a violin or 
guittar, and a fret or fmall bridge be fixed on the 
finger-board at the middle difiance a, between a 
and b; and likewile frets at g, f, e, d, c, b, fo 
that the diliances ag, gfj fe, ed, dc, cb, and 
b a, may be in proportion to the fpaces occupied 
rcfpeCtively by the red, orange, yellow, green, 
blue, indigo, and violet, in the fpettrum j then 
if the open firing found a, the regular alcent of 
the fiopt notes will be in the minor third from 
that key; the notes being a, b, c, d, e, f fhaip, 
c fharp, and a oClave. 

Thofe rays which have the fame degree of re- n 
frangibility will, after refraCtion, fall within a cir¬ 
cle equal to that which would have been illumi¬ 
nated by the light if fuffered to proceed to s 
(264, h): and therefore the fpeClrum flnay bc # 

conceived to be compofcd of an'indefinitely great 

number 
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number of fuch equal circles, whole centers are all 
on the fame line. For example j if a b d c (fig. 78) 
reprefent the fpedtrum, the circle a b being formed 
by the red, or leaft refrangible rays, and the circle 
D c by the violet, or moft refrangible rays, then the 
rays, whofe refrangibli'y is intermediate, will form 
an innumerable feries of circles, and fill up the 
whole fpace, fo that a c and b d will appear as right 
o lines. Now, it is obfervable, that though the light 
in the fpedtrum thus feparated into its original rays 
is much lefs compounded than before, yet it is Hill 
compounded in no fmail degree by the interference 
of the circles with each other, particularly at the 
line e f, equidiftant between a c and b d ; and that 
at the lines a c and n d, where the circles do not 
interfere at all, the light is perfedtly homogeneous 
p or uncompounded. But becaufe the colours in the 
ipedtrum contiguous on either fide of any given 
colour do by mixture compound a colour that dif¬ 
fers infenfibly from the original intermediate co¬ 
lour itfelf, a right line drawn perpendicularly acrofs 
the fpedtrum will be found in the fame colour 
^throughout. For moft experiments in which un¬ 
compounded light is required, that of the fpedtrum 
will' be found fufficiently lb, but in cafes where a 
greater nicety is demanded, the common diameter 
of the circles, or breadth of the fpedtrum, may be 
diminifhed by making the hole at f fmaller, or the 
figure of the hole may be altered.. 
r It is.evident from what has been already laid, tfat 
• this phenomenon arifes from the nature of light itfelf 

fomc 
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fbme of the rays of which are more refrangible than 
others. A fid as an additional confirmation it is s 
obfcrved, that if the fpeCtrum be received on a 
board which is perforated, fo as to let pafs one ray 
of lights or colour, that ray will not be changed 
by any refrattion it may be afterwards made to 
fuffer, but continues the fame both in colour and 
refrangibility. And if the colours of the fpeCtrum t 
be by any reflection or refraction made to unite 
again, they will again form the compounded colour 
of whitenefs. 

The quantity of the dilperfion of the rays of u 
light, which at equal diftances from the prifm is 
nearly expreffed by the length of the fpeClrum, 
does not follow the quantity of the refraction of the 
mean ray, except in mediums of the fame kind. 
Thus, if two prifms of different kinds of glafs re- v 
fraft the folar ray equally out of its firft direction, 
the fpeCtrum of colours formed by the one will be 
much longer than that formed by the other; and 
it is found, that in equal angles of mean refraCtion, w 
glafs, in the compofition of which much lead enters-, 
difperfes the light into its component colours much 
more than glafs which abounds with alkaline falts*. 

If by means of two prifms, a fmall piece of pa- x 
per be illuminated, the one half with red, and the 
other half with violet light, and an obferver view 
die fame through another prifm, the paper will, by 
the different refrangibility of the rays, a'ppear di- 

•if 

* Afta (or perhaps Mifcellanea) Berolinenlia, for 1766; 
quoted by Prieftley in his Optics, p. 474. 
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vided into two. For the violet half being fcdh by 
a more refrangible light, will appear tS be carried 
farther from its true place than the red, and will 
y therefore ieem to be ieparated from it. The fame is 
likewifc true of colours which arife from the repa¬ 
ration of light which is made by bodies on which 
it falls, and which we are apt to call natural co¬ 
lours; for if a paper be punted, the one half with 
a lively red, and the other half with an indigo, and 
it be placed*in the Sun’s light, it will in the fame 
manner appear divided, if viewed through a prifm. 

CHAP. IV. 

OF THE VARIOUS REFLEXIBILITY OF THE RAYS 

OF LIGHT. 

z The Sun’s light confifts of rays which differ in 
reflexibility, and thofe rays which are more refran- 
a gible are alfo more reflexible than others. Let 
abc (fig. 80) reprefent a prifm, whofe angle b is a 
right angle* and the two angles a and c equal to 
each other. Suppofe j n to be a beam of light 
which pafles through the furface b c, and is incident 
on a c at n. It will then emerge in the direction 
no, fo that the fine of the angle of refra&ion 
o n w may be in a certain ratio, (26.2, b) to the 
fine of the angle of incidence b n z, which in glafs 
is as 3 to 2, nearly. Now, when the angle of in- 

• 1 

cidence at n is fuch, that the fine of the angle of 
refra&ion is equal to the radius, the angle of re- 

4 ra£tioa 
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fraction becoming a right angle, the ray- cannot 
emerge, but -will be totally reflected or turned back 
into the glafs. This happens in glafs when the 
angle of incidence is about 41 degrees. 

That the component rays of light are not at b 
all equally difpofed to be reflected, is proved by 
turning the prifm flowly on its axis, till the light 
begins to be reflected; for it then appears, that the 
more refrangible rays are reflected fooner, or at left 
angles of incidence than thofe which are lcfs refran¬ 
gible. Let n m reprefent the reflected beam, and e 
fuppofe the prifm v x y placed fo as to receive and 
feparate it into its component colours by refraction: 
then the light which firft begins to be reflected, 
confifting almoft intirely of violet rays, will by the 
fecond prifm be rcfraCted fo as to fall at p, and 
paint a violet colour. As the firft prifm continues 
to be turned on its axis, the light is more and more 
copioufly reflected, and the colours between p and 
t appear in fucceflion according to their order in 
refrangibility; violet, indigo, blue, green, yellow, 
orange, and laftly red, at which time the reflection • 
becomes total: the colours formed by refraCtion at 
H G difappearing as thofe at p t appear. 

' White light being proved to confift of rays d 
which differ in refrangibility, reflexibility, and 
the power of exciting the idea of colour; it is 
clear that nothing more is neceflary to account 
for the colours of bodies than to foppole each body 
endued with a power or aptitude to refleCt the rays 
of one particular colour, and to-imbibe the reft. 

But 
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But the truth of this does not reft on mere fuppo- 
£ ft cion. Bodies expofed to the uncompounded light 
of the fpeCtrum, are ever found to be of the colour 
of the light in which they are placed, with this only 
difference, tliat they appear much more lively in 
that colour, which is the fame with that which they 
f exhibit in the day light. And from hence it ap¬ 
pears, that the colours of bodies cannot be lb 
homogeneous and full as thole of the fpeCtrum j 
for fincc they reflect all colours in fome degree as 

well as the principal or predominant one, that 

% 

principal colour muft be much diluted and weak- 
o ened by the mixture. It may likewile from hence 
be inferred, that as the uncompounded colours are 
not changeable by refraCtion, fo neither are they 
changeable by reflection. 

h Language being invented chiefly for the expref- 
fton of ordinary events that do not require any 
great precifton, it very frequently happens, that 
the fame word is ufed to denote very different 
things. It is proper to be remarked, that the word 
colour is thus uled. If the word be uled to denote 

the fenfacion or idea excited in the mind, it is fuf- 

* 

ftcj^ntly obvious, that it cannot be fcientiflcally. 
ufed to denote that attribute by which bodies are 
able, by reflecting the rays of light, to produce the 
fenfation. And ftill lefs ought it to be ufed to 
imply that quality the various kinds of light poflels, 
of producing the fenfation, when feparated from 
each other, either by reflection from bodies or 
otherwife. It may, however, be allowed to ufe 

the 
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the terms coloured rays, or coloured bodies, though 
the lenfation of colour, the fpecific properties of the 
rays, and of the refiefting bodies, are undoubtedly 
things very different from each other. So different, 
indeed, that this remark might with juftice be fup- 

s 

pofed unneceffary, if experience had not fhewn, that 

l 

among the pretenders to philolophical knowledge 
fome have been found capable of miftaking in this 
very particular *. 


CHAP. V. 

CONCERNING THE RAINBOW. 


The inftance of the feparation of the primary i 
colours of light which feems mod remarkable, is 
that of the rainbow. It is formed in general by the k 
reflection of the rays of the Sun’s light from the 
drops of falling rain, though frequendy it appears 
among the waves of the fea, whole heads or tops 
are blown by the wind into fmall drops, and is fome- 
times feen on the ground when the Sun fhines on a 
very thick dew. Calcades and fountains, whofe 
waters are in their fall divided into drops, exhibit 
rainbows to a fpedtator, if properly fituated during 
the time of the Sun’s fhining; and water blown vio¬ 
lently out of the mouth of an obferver, whole back 
is turned towards the Sun, never fails to produce 
die lame phenomenon. This appearance is alio x. 


• The oppofers of Newton’s difcovcrles on light and colours 
have falfely affirmed, that he taught that the rays oflight were 
coloured. 
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feen by moonlight, though fektom vivid enough to 
render the colours diftinguifhable; and the artificial 
rainbow may be produced even by candle-light on 
the water which is ejeded by a lmall fountain or 
jet d'eau. All thefe are of the fame nature, and 
dependant on the fame caufcs, an idea of which 
may be formed by the following considerations. 
m Let the circle wqjsb (fig. 81) reprefent a 
globe or drop of water upon which a beam of 
parallel light falls, of which let t b reprefent a ray 
falling perpendicularly at b, and which by confe- 
quence (262, y, b) either paffes through without 
refradion, or is refleded diredly back from o_. 
Suppofe another ray 1 k, incident at k, at a dis¬ 
tance from b, and it will be refraded according to 
a certain ratio (262, b) of the fines of incidence 
and refradion to each other, which in rain water 
is as 529 to 396, to a point l, whence it will 
be in part trarffmitted in the diredion lz, and 
in part reflected to m, where it will again in 
part be refleded, and in part tranfmitted in the 
diredion mp, being inclined to the line de¬ 
scribed by the incident ray in the angle iop. An¬ 
other ray A n, ftill farther from b, and conse¬ 
quently incident under a greater angle, will be 
refraded to a point f, yet farther from whence 
it will be in part refleded to g, from which place 
' it will in part emerge, forming an angle axr with 
the incident a n, greater -than that which was 
formed between the ray m p and its incident ray. 

And 
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And thus, while the angle of incidence ordinance 
of the, point of incidence from b increafes, the 
diftance between the point of refledtion and cl, and 
the angle formed between the incident and emer¬ 
gent reflected rays will alfo increafe; that is to fay, 

•r 

as far as it depends on the diftance from b : but 
as the refradlion of the ray tends to carry the point 
of refledtion towards <l> and to diminifh the angle 

1 

formed between the' incident and emergent refledttd 
ray, and that the more the greater the diftance of the 
point of incidence from b, there will be a certain 
point of incidence between b and w, with which 
the greateft poflible diftance between the point of 
refledtion and q_» and the greateft poflible angle 
between the incident and emergent refledted ray will 
correfpond. So that a ray incident nearer to b (hall, at 
its emergence after refledtion, form a lefs angle with 
the incident, by reafon of its more diredt refledtion 
from a point nearer to <l; and a raf incident nearer to 
w, fhall at its emergence form a lefs angle with the 
incident, by reafon of the greater quantity of the 
angles of refradtion at its incidence and emergence. 
The rays which fall for a confiderable fpace in the vi¬ 
cinity of that point df incidence with which the great¬ 
eft angle of emergence correfponds, will, after emerg¬ 
ing, form an angle with the incident rays differing 
infenfibly from that greateft angle, and confequently 
will proceed nearly parallel to each other j and thole 
rays which fall at a diftance from that point will 
emerge at various angles, and confequently wiU 
diverge. Now, to a fpedtator, whofe back is turned 

T 2 towards 
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towards the radiant body, and whofe eye is at a 
confiderable diftance from the globe or drop, the 
divergent light will be fcarcely, if at all percep¬ 
tible; but if the globe be lb ficuated, that thofe 
rays which emerge parallel to each other, or at the 
greatcft poflible angle with the incident, may arrive 
at the eye of the lpe&ator, I e will, by means of 
thole rays, behold it nearly with the ILnc fplendor 
at any diftance. 

In like manner, thofe rays which fall parallel on 
a globe, and are emitted after two iefleCtions, fup- 
pofe at the points v and g, will emerge, at h, 
parallel to each other, when the angle they make 
with tbr ’ncident, an, is the k .ft poflible; and 
rhe globe muft be feen very refplendent, w*hen its 
pofltion is fuch, that thole parallel rays fall on the 
eye of the fpeCtaior. 

The quantities of thefe angles are determined by 
calculation, the proportion of the lines cf incidence 
and refraction to each other being known. And 
this proportion being different (264, g) in rays 
which produce different colours, the angles muft 
vary in each. Thus it is found, that the greateft 
angle in rain-water for the leaft refrangible, or red 
rays, emitted parallel after one reflection is 42 0 
2'y and for the molt refrangible or violet rays emit¬ 
ted parallel after one reflection 40° 17'; likewile, 
after two reflections the leaft refrangible .or red rays 
will be emitted nearly parallel under an angle of 
5°° 57 > a ^d the molt refrangible or violet under 
an angle of 5 4 0 7'; and the intermediate colours 

- will 
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will be emitted nearly parallel at intermediacy 
angles. 

Suppofe now, that o (fig. 8 2) is the fpcftator’s p 
eye, and o p a line drawn parallel to the Sun's 
rays, and let poe, p o f, p o g, p 0 h, be angles 
of 40° 17', 42 0 2', 50°, 57', and 54 0 7'refpec- 
tively, and thefc angles turned about their com¬ 
mon fide o p, will, with their other fides o e, of; 
o g, o h defcribe the verges of two rainbows as in 
the figure. For, if e, f, g, h be drops placed any 
where in the conical fuperficies defcribed by o e, 
of, og, oh, and be illuminated by the Sun's 
rays s e, s f, sc, sh; the angle s so being equal 
to the angle poe, or 40° 17', will be the greateft 
angle in which the moft refrangible rays can, after 
one reflection, be refraCted to the eye, and there¬ 
fore all the drops in the line o £ mud fend the moft 
refrangible rays moft copioufly to the eye, and 
thereby ftrike the fenfe with the deepeft violet 
colour in that region. And in like manner the 
angle sfo being equal to the angle pop, or 42 0 2', 
will be the greateft in which the lead refrangible 
rays after one reflection can emerge out of the drops, 
and therefore thofe rays muft come moft copioufly to 
the eye from the drops in the line o f, and ftrike 
die fenfe with the deepeft red colour in that region. 
And, by the fame argument, the rays which have 
the intermediate degrees of i^frangibility will come 
moft copioufly from drops between e and f, < and 
ftrike the fenfes with the intermediate colours in the 
order which their degrees of refrangibility require; 

T 3 that; 
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that is, in the progrefs fronv e to f. Or from the 
infide of the bow to the outfide, in this order, 
violet, indigo, blue, greerr, yellow, orange, red. 
But the violet, by mixture of the white light of 

the clouds, will appear faint, and inclined to purple. 

% 

Again, the angle soo being equal to the angle 
poc, or 50° 57', will be the leaft angle in which 
the leaft refrangible rays can, after two reflections, 
emerge out of the drops, and therefore the leaft 
refrangible rays rnuft come raoft copioufly to the 
eye from the drops in ihe line o g, and ftrike the 
fenfe wirh the deepeft red in that region*. And the 
angle sho being equal to the angle poh, or 54° 
7', will be the leaft angle in which the moft re¬ 
frangible rays, after two reflections, can emerge 
. out of the drops, and therefore thofe rays muft 
come moft copioufly to the eye from the drops in 
the line o h, and ftrike the fenfe with the deepeft 
violet in that region. And, by the fame argu¬ 
ment, the drops in the regiqps between g and h 
will ftrike the fenfe with the intermediate colours 
ih the order which their degrees of refrangibility 
require i that is, in the progrefs from g to h, or 
from the' infide of the bow to the outfide in this 
order, red, orange, yellow, green, blue, indigo, 
and violet. And fince the four lines o e, of, og, 
6 h may be fituated any where in the above-men¬ 
tioned conical fuperficlbs, what is faid of the drops 
and colours in thefe lines is to be underftood of the 
drops and colours every where in thofe fuperficies. 
r Thus there will be made two bows gf colours, 

# an 
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an interior and ftronger, by one refleftion in ,the 
drops, and an exterior and fainter by two; for the 
light becomes fainter by every reflexion j and their 
colours will lie in a contrary order to each other, 
the red of both bows bordering upon the fpace g f, 
which is between the bows. The breadth of the 
interior bow, eof, meafured crofs the colours, 
will be i° 45', and the breadth of the exterior, 
goh, will be 3 0 1 o', and the diftance between 
them oof, will be 8° 55', the greateft femidi- 
arneter of the innermoft, that is, the angle pof, 
being 42° 2', and the lead femidiameter of the 
outermoft r o c being 50® 57'. .Thefe are the mea- 
fures of the bows, as they would be, were the .Sun 
but a point; for, by the breadth of its body, the 
breadth of the bows will be increafed, and their 
diftance diminiftied by half a degree, and fo the 
breadth of the interior iris will be 2? 15', that of 
the exterior 3 0 40', their diftance 8° 25'; the great- 
eft femidiameter interior ^ow 42 0 17', and 

the leaft of the exterior 50° 42And fuch are 
the dimenfions of the bows in the heavens found 
to be very nearly, when their colours appear ftrong 

and perfedfc. * 

The light which comes through drops of rain by 
two refra&ions without any reflection ought to appear 
ftrongeft at the diftance of about 26 degrees froQi 
the. Sun, and to decay gr^ually both ways as the 
diftance from the. Sun increafes and decreafes. 
And the fame is to be underftood of light trans¬ 
mitted through fpherical hail-ftones. And if the 
. T 4 hail 
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bail be a litde flatted, as it often is, the light 
tranfmittcd may grow fo ftrong at a litde lefs dif- 
tance than that of 26 degrees, as to form a halo 
about the Sun and Moon* which, halo, as ofceq 
as the Hones are duly figured, may be coloured, 
and then it muft be red within, by die lead refran¬ 
gible rays, and blue without, .by the molt refran¬ 
gible ones. 

t The light which paffes through a drop of rain 
after two refractions, and three or more reflec¬ 
tions, is fcarcely ftrong enough to caufc a lenftblc 
bow. 


CHAP. VI. 


OF THE SEPARATION OF THE ORIGINAL RAYS OF 
LIGHT BY REFLECTION OR TRANSMISSION, 
THAT DEPENDS ON THE THICKNESS OFj. THE 

MEDIUM UPON^HleH TH^ARE INCIDENT. 

* •* * . * 

u The original or component rays of light are ic r 
parable from each other, not only by refraction, or 
• by varying the angle*, of incidence on a reflecting 
furface, but are likewife at like incidences more or 
lefsjeflexible, according to the thicknefs or diftance 
between the twb furfaces of the medium on which 
v they fall. They are a^J; liable -to be turned 01# of 
their direCt courfe by approaching within a certain 
diftance from a body, by which means a reparation 
enfues, the rays being more or Ids defleded as they 

' * differ 
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differ in colour. Of thefc circumftances it will be 
proper to give fomc account. 

If a glais or lens, whole furface is convex, or a w 
portion of a fphere, be laid upon another plain 
glafs, it is evident that it will reft or touch at one 
particular point only; and therefore, that at all 
other places between the adjacent furfaces will be 
interpofed a thin plate of air, the thicknefs of 
which will increafe in a certain ratio, according to 
the diftance from the point of contact; that is to 
lay, in arcs whole verfed lines are very fmall, as 
the diameter of the fphere is to the line of the arc, 
fo is that fine to the verfed line or thickneis of the 
air at the diftance meafured by the line. 

Light incident upon fuch a plate of air is dif- x 
pofed to be tranfmicted or reflected according to 
its thicknefs: thus, at the center of contact, the 
light is tranfmitced, and a black circular fpot ap¬ 
pears! this fpot is environed a circle, the co- 
. lours of which,' taJtpping from* the internal part, 

are blue, white, yellow, red; then follows another 
# ¥ 

circular feries, viz. violet, blue, green, yellow, 
red;, then purple, blue, green, yellow, red; green, 

'red; greenilh blue, red; gffenjlh blue, pale red; 
greenilh blue,, reddilh white. 

Thefc. are the colours which appear by reflec- r 
tion: by the tranfmitced light the following feries 
are f ccn * At the -centre‘ V^ite, then yellowilh red, 
black; violet, blue, white, yellow, red; violet, 
blue, green, yellow, red, &c. lb that the tranf- 

at any thicknefs, inftead of white, 

appears 


initted .W* 
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. appears of the compounded colour which it ought 
to‘have after the fubtradtion of feme of the confti- 
tuent colours by refledtion; after which feries the 
' colours become too feint and dilute to be difeerned* 
z It is obfervable, that the glades will not come into 
. contadt without a considerable degree of preffure. 
a By admeafurement it appears, that the rays of 
any particular colour are difpofed to be refiedted 
when the thickneffes of the plate of air are as the 
numbers x. 3. 5. 9. 11. &c. and that the 
feme rays are difpded to be tranfmicted at the in¬ 
termediate thickneffes which are as the numbers 
» o. a. 4. 6. 8. 10. &c. 

b The places of refledtion or tranfmiffion of the 
leveral colours in a feries are fo near each other, 
that the colours dilute each other by mixture, 
whence the number of feries in the open day-light 
leldom exceeds feven or eight: but if the fyftem 
be viewed through a prifm, by which means the 
rings of various colours are %j$ratcd according to 

their refrangibilities, they may be‘ feen on that,fide 

* 

towards which the refradtion is made, fo numerous, 
c that it is impoflible .to count them. Or, if in a . 
dark chamber the Sun’s light be foparated into its 
original rays by a prifm, and a ray of one uncom¬ 
pounded colour be received upon the two glafles 

heretofore deferibed, the number of circles will be- 

*■ , 

come very numerous, %nd both the refledted and 
tranfmitred light will remain of the fame colour as 

the original incident ray. In this experiment it 

* 

- alfo is feen, that in any feries, the circus formed 

by 
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by the lefs refrangible rays'exceed in magnitude 
thole which are formed by the more refrangible 
rays, and conftquently that in any feries the mote d 
refrangible rays are reflected at left thickneflea 
than thofe which are left refrangible. 

If the light be incident obliquely, the rings of e 
colours dilate and enlarge themielvesj whence it 
follows, that the thickneft required to reded the 
colours of any feries is different in different oblfc 
quities. 

Water, applied to the edges of the glafies, is f 
attraded between them, and filling all the inter- 
cedent fpace, becomes a thin plate of the fame di- 

menfions as that which before was conftituted of 

* 

air. In this cafe the rings become much fainter, 
but vary not in their fpedes, and are contraded 
in diameter nearly in the proportion of 7 to 8: 
cdnfcquently the intervals of the glaflcs at like cir¬ 
cles caufed by thefe two mediums, water and air, 
are as about 3 to 40 that is, nearly as the fines 

which meafure the angles of incidence and refrac- 

* 

tion, made at a common furface between them. 
And hence it may be fufpeded, that if any other o 
medium, more or left denfe than water, be com- 
preffed between the two glaffes, their intervals at 
the rings caufcd thereby will be to the intervals at 

which fimilar rings are caufed by the interjacent 
air, as the fine which meafferes the refradion made 
out of air, into that medium is to the line of die 
incidence on the common furface. 

Thefe jjre fome of the phenomena of light inci- h 

dent 


1 
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dent On mediums which arc environed by mediums' 
of greater denfity, as air or water comprefled or 
included between plates of giafk The fame ap¬ 
pearances follow, though with fome little varia¬ 
tion, when the colorific, medium is denfer than that 
in which it is inclofed. 

i . It is well known that bubbles blown in foap- 
water exhibit a great variety of colours; but as 
thefe colours' arc commonly too much agitated by 
the external air to admit of any certain obferva- 
tion* it is neceflarv that the bubble be covered 
with a dear glafs; in which flotation the following 
appearances enfue: the colours emerge from the 
vertex or top of the bubble, and as it grows thin¬ 
ner by the fubfldence of the water, they dilate into 
circles or rings parallel to the horizon, which 
llowly defeend and vanifh fucceflively at the bot¬ 
tom. This emergence continues till the water at 
the vertex becomes too thin to reflect the light, at 
which time a circular fpot of |n intenfc blacknefs 
appears at the top, which flowly dilates fometimes 
to three quarters of an inch in breadth before the 
bubble breaks. Reckoning from the black central 
fpot, the reflected colours are the fame in fuccef- 
fion and quality as thofe produced by the afore¬ 
mentioned plate of air, and the appearance of the 
bubble, if viewed by tranfmitted light, is alfo fi- 
milar to that of the plate of air in like circum- 
ftances. 

f * * 

R If the colours be viewed with different obliqui¬ 
ties, 
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ties, their place is changed, but not near fo much 
as in the plate of air. h 

The end of a ftnali glafs tube or pipe being melt- l 
ed, by turning the dame of a candle or lamp upon 
it, by means of a blow-pipe, may be blown into at 
bubble of an extreme thicknefs. Such a bubble 
will exhibit colours of the fame kind as the fere- 

1 

going, but much more brilk and lively. From m 
which, and the premifed observations, it is Con¬ 
cluded that a denfer medium inclofed by one that 
is rarer exhibits more lively colours than thole 
which are produced by jn rarer medium included 
in one that is more denfe. It' is alfo obfervable, n 
that the colours produced by reflection from, or 
tranfmillion through, denfe fubftances, are Ids 
fobjeft to vary by change of die obliquity of the 
incident light than they are in fubftances that are 
more rare. 

By wetting very thin plates of Mofcovy glafs, o 
whofe thinnels occafton the like colours to Appear, 
the colours become more faint and languid, elpe- 
cially if wetted on the fur face oppofite to the eye; 
but no variation of their fpecies is produced: lb 
that the thicknefs of any plate requiflte to produce 
any colour, feenis to depend only on the denfity 
of the plate, and riot on that of the ambient me¬ 
dium: and hence, if the fufpicion formerly urged 
be true o), may be known the thicknefs 

which thin plates of any tranfparent fubftance Ijave 
at the place where a given colour in any feries is 
produced. For, 


As 
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• As the fine of the angle of incidence at the com¬ 
mon furface 

Is to the fine of the angle of refraction out of 
die given medium into air, 

So is the thicknefs of a place of air which ex¬ 
hibits the given colour 

To the thicknefe of the given plate, 
p . As lenfes ground to a long radius are necefiary 
to be ufed in thefe experiments, and luch are not 
very common, it may be an acceptable piece of 
information for th^ learner to know, that their 
place may be well fupplied by two pieces of plate- 
glals, or even common glafs. If thefe be previ- 
oufly wiped, and then rubbed together, they will 
loon adhere with a confiderable degree of force, 
and exhibit various ranges of colours/ much broader 
than thofe obtained by lenfes. One of the moll 
remarkable circumftances attending this method of 
making the experiment is the facility with which 
the colours may be removed, or even made to 
dilappear by heats too low to feparate the glailes. 
It feems moll: probable, that the operation of heat 
confifts in augmenting the diftance between the 
furfaces. A touch of the finger immediately caufes 
the irregular rings of colours to contract towards 
their center in the part touched. 


CHAP. 
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CHAP. VII. 

GENERAL INFERENCES RESPECTING THE DISPOSI¬ 
TION TO SB REFLECTED OR TRANSMITTED, 
INTO WHICH THE RAYS OF LIGHT ARE PUT, 

BY THE ACTION THAT DEPENDS ON THE 
THICKNESS OF THE MEDIUM UPON WHICH 
THEY ARE INCIDENT* 

The experiments or obfervations in the laft Q_ 
chapter being maturely weighed and confidered, 
indicate the following theorem or general propor¬ 
tion; namely. 

Every ray of light in its pafiage through any re- R 
framing furface is put into a certain tranfient con- 
ftitution or ftatc, which in the progrefs of the ray 
returns at equal intervals, and difpofes the ray, at 

v 

every* return, to be eafily tranfmitted through the 
next refracting furface, and, between the returns, 
to be eafily reflected by it. 

For, by thofe obfervations it appears, that one s 
and the feme fort of rays, at equal angles of inci¬ 
dence on any thin tranfparent plate, is alternately 
reflected and tranfmitted for many fuccefiions; ac¬ 
cordingly, as the thicknefs of the plate increafes 
in arithmetical pfogrefiion of the numbers o, 1, a, 

3 , 4, 5, 6, 7, 8, &c. fo that if the firft reflection, 

a 

or that which makes the firft or innermoft ring of 
colours, be made at the thicknefs 1, the rays ihali 
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be tranfmitted at the thicknefles o, 2, 4, 6 , 8, 10, 
12, &c. and thereby make the central fpot and 
rings of light which appear by tranfmiflion, and 
be reflected at the thicknefles 1, 3, 5, 7, 9,11, &c. 
and thereby make the rings which appear by re¬ 
flection . And this alternate reflexion and tranf- 
miflion continues for a great number of viciflitudes, 
and by other obfervations, which for the fake of 
brevity are omitted, for many thoufands, being 
propagated from one furface of a glafs-plate to the 
other, though the thicknefs of the plate be a quar¬ 
ter of an inch or above: lb that this alternation 
feems to be propagated from every refracting fur- 
face to all diltances without end or limitation. 
And becaufe the ray is difpofed to reflection at the 
thicknefles 1, 3, 5, 7, &c. and to tranfmiffion at 
the thicknefles o, 2, 4, 6, 8, &c. for its tranf- 
miflion through the flrlt furface is at the diftance 
o, and it is tranfmitted through both together, if 
their diftance be infinitely little, or much left than 

1, the difpofttion to be tranfmitted at the diftances 

2, 4, 6, 8, &c. is to be accounted a return of the 
fame dilpofltion which the ray firft had at the dif¬ 
tance o, that is, at its tranfmiflion through the firft 
refrafting furface. 

T This alternate reflection and tranfmiflion depends 
on both the furfaces of very thin plate, becaufe 
it depends on tljeir diftance. For if either fur¬ 
face of a thin plate of Mufcovy-glafs be wetted, 
the colours grow faint (2.8;, o): it muft therefore 
depend upon both. 


It 
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It is therefore performed at the feco ndfurjacej it 
' for if it were performed at jphe firft, before the /ays 
• arrive at the fecond, it would not depend on the 
fecond. 

4 m ^ •* 

It is alfo influenced by fome aCtion or difpofi- v 
tion, propagated from the firft to the fecond, be- 
caufe otherwife at the fecond it would not depend 

'a ... * 

upon the'firft. . And this action or difpofition, in 
its propagation, intermits and returns by equal in¬ 
tervals, becaufe in all its progrefs it inclines the 

% 

* 

ray at one diftance from the firft furface to be re¬ 
flected by the fecond, at another to be tranfmitted 
by it, and that, by equal intervals, for innumerable 
viciffitudes. 

The returns of the difpofition of any ray to be w 
reflected are termed its fits of eafy reflection, and 
thofe of its difpofition to be tranfinitted its fits of 
eafy tranfmifljonj and the fpace it palfes through 
between every return, and the next return,, the in¬ 
terval of its fits. 

Thus, let OD.FE (fig. 83) reprefent a tranfpa- x 
rent medium, fuppofe water* upon which the ray 
a b is incident at a point' in the upper furfac$ 

©, o. Draw the line iy i, and let the interval be¬ 
tween it and o, o, be every where equal to the dif¬ 
tance between the two furfaces of the plate of water* 
deferibed in the laft chapter (a83* f), when the 
firft ring of colour- is reflected. Then if the in¬ 
ferior furface of she medium were at 1, 1* the ray 
would be reflected upon the lame principle as the 
ring of colour, and therefore at 1, t it Is in a fit 
Vo l. I. U of 



CONCERNING THE FIT'S Of 

of eafy reflection.' Draw the parallel 2, 2 at the 
fame diftance from i, i, and the Pittance between 
o, o, and 2, 2 will be that thicknefs at which in the 
before-mentioned plate the firft ring of colour is 
tra’nfmitted: the ray would therefore be tranfmitted 
if the inferior furface were at 2, 2, and confe- 
quently it is there in a fit of ealy tranfmiflion. At 
3,. 3 it is again in a fit of ealy reflection, and by 
applying the fame argument to the equidiftant 
lines 4, 4* 5, 5» 6, 6} 7, 7; 8, 8; it will ap¬ 
pear that the ray will be alternately difpofed to 
tranfmiflion and reflection j and if the Jaflr parallel 
or the inferior furfyee be diftant from the fuperior 
furface o, o, by an even number of intervals, the 
ray will arrive there in a fit of ealy tranlmifiion and 
emerge; but if the-number be odd, it will arrive 
in a fit of eafy reflection, and return back into the 
medium. The diftance between the lines o, o and 
2, 2 ; 2, 2 and 4, 4, 8rc. are the intervals of 
the fits of eafy tranfmiflion, and the diftances be¬ 
tween i, 1 and 3, 3; 3, 3 and 5, 5, &c. are the 
intervals of the fits of eafy reflection. 

What kind of aCtion or dilpofition this may be, 
whether it confift in a circulating or a vibrating 
'motion of the ray or of the medium, or fome- 
thing elfe, experiments are wanting to determine. 
But the faCts are not the lefs true on account of 
our ignorance of the mode of their origin. That 
truly great man, to whofe penetration and induftry 
we are indebted for almofi: all the knowledge we 
have of the phyfical properties of light, has, with 

great 
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great modefty, propofed an hypothecs for the l'o~ 
iutlon cf thefe .appearances. It is not without, its 
difficulties, and rouft therefore be received with the 
fame caution as it was propofed, till experiment 
fhall either confirm it, t or fqbftitute another theory 
in its place. 

Sir Ilaac Newton’s Hypothefis. It may be fup- 
pofed, that as ftones by falling into water put the 
water into an undulating motion, and all bodies 
by percuflion excite vibrations in the air; fo die 
rays of light, by impinging on.any refracting or 
reflecting fur face, excite vibrations in the refracting 
or reflecting medium or fubftance, and by ex¬ 
citing them, agitate the folid parts of the refract¬ 
ing or reflecting body, and by agitating them, 
caufe the body to grow warm or hot; that the 
vibrations thus excited are propagated in the re¬ 
fracting or reflecting medium or fubftance much 
after the manner that vibrations are propagated in 
the air for caufing found, and move fafter than 
the rays, fo as to overtake them; and that when 
any ray is in that part of the vibration which con- 
fpires with its motion, it eafily breaks through a 
refraCting furface, but when it is in the contrary 
part of the vibration which impedes its motion, it 
is eafily reflected; and, by contequcnce, that every 
ray is fucceffively difpofed to be eafily reflected 
or eafily tranfmitted by every vibration which over¬ 
takes it,' 



292 the analogy between 


CHAP. VIII. 

OF THE PERMANENT COLOURS OF NATURAL 
BODIES, AND THE ANALOGY BETWEEN THEM 
AND THE COLOURS OF THIN TRANSPARENT 
PLATES. 

A It has already been fhewn (272* e), that the 
colours of nature* bodies confift in a difpofition 
to refled the rays of one fort of light more copi- 
oufly than the reft. But their conftitution, where¬ 
by they reflect fome rays more copioufly than 
■ others, remains to be difclofed. 
b Thofe fuperficies of tranfparent bodies reflect 
the greateft quantity of light, which have the 
greateft refrading power? that is, which inter¬ 
cede mediums that differ moft in their refradive 
denfities. And in the confines of equally refrading 
mediums there is no reflexion, 
c The analogy between refledion and refradion 
will appear by confidering that the moft refrac¬ 
tive mediums totally refled the rays of light 
at lefs angles of incidence, as was .before Ihewn 
(270, a). But the truth of the propofition will 
further appear by obferving, that in the common 
fuperficies of two tranfparent mediums, the reflec¬ 
tion is ftronger or weaker, accordingly as the fu- 
perficies hath a greater or left refradive power. 

If any tranfparent folid be immerged in water, 

» » 

its 
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its reflexion becomes much weaker than before, 
and dill weaker if immerged in a fluid whofe re- . 
framing power is yet ftronger than that of water. 

If water be diftinguifhed into two parts, by an ima¬ 
ginary furfacc, the reflection in the confine of thofe 
two parts is none at all. In the confine' of water 
and ice it is very little; in that of water and oil 
fomething greater; in that of water and fal-gemm 
ftill greater; and in that of water and glafs, or 
cryftal, or other denfer fubftances ftill greater, ac- ■ 
cordingly as thofe mediums differ more or lefs in 
their refraCtive powers. The reafon then why uni- d 
form pellucid mediums, as water, glafs or cryftal, 
have no fenfible reflection, but at their external fu- 
perficies, where they are adjacent to other medi¬ 
ums of a different denfity, is that all their con¬ 
tiguous parts have one and the fame degree of 
denfity. 

The leaft parts of almoft all natural bodies, are e 
in fome meafure tranfparent: and the opacity of 
bodies arifes from the multitude of reflections caufed 
in their internal parts. 

This may be eafily feen by viewing fmall fob- r 
ftances with the microfcope or magnifying glafs, 
for they appear for the moft part tranfparent. And 
it may alfo be tried by means of the light received 
through a hole into a dark chamber. For any fub- 
ftance, how opake foever, if it ble reduced to a 
fofficient thinnefs, and applied to the hole, will 
appear manifeftly tranfparent. Only white metal¬ 
line bodies muft be excepted, which, by reafon of 

U 3 their 
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their very great denfity, fcem to reflect almoft all 
the light incident on their firfl fuperficies, unlefs 
by fohitiorf in menltruums, they be reduced into 
very fmall particles, and then they alfo become 
tranlpaient. 

c Bt tween the parts of opake or coloured bodies 
are many fpaces, either empty or replenifhed with 
mediums of other deniiries; as water between the 
tinging corpufcles with which any liquor is im¬ 
pregnated, air between the aqueous globules that * 
confticute clouds and mills j and for the moftpait, 
fpaces void both of air and water, but yet, per¬ 
haps, not void of all fubftance, between the parts 
of hard bodies. 

A The trudi of this is evinced by die two prece¬ 
dent propofitions (r, o): for, by the fecond, thcic 
are many reflections made by the internal parts 
of bodies, which would not happen if the parts 
of thofe bodies were continued without any fuch 
interfaces between them; becaufe reflections are 
only made in fuperficies which intercede mediums 
of different denfities (293, i>). 

b A yet farther proof that the opacity of bodies 
arifes from this difeontinuation of their parts may 
be had, by confidering that opake fubftances be¬ 
come tranfparent, by filling their poreS with any 
fubftance of an equal or nearly equal denfity with 
their parts. Thus, paper dipped in water *>r oil, 
the oculus mundi ftone ftceped in wat£r, linen 
cloth oiled or varnifhed, and many other fubftances 
(baked in fuch liquors as will intimately pervade 

• their 
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their pores, become by that means more transparent 
than otherwife; fo, on the cpntrary, the moflf trans¬ 
parent fubftances may, by evacuating jheir pores, 
or Separating their parts, be rendered Sufficiency 
opake, as Salts, or wet paper, or the oculus mundi 
Slone, by being dried; horn, by being Scraped; 
glaSs, by being reduced to powder, or otherwise 
flawed; turpentine, by being Stirred about with 
water till they mix impel feCUy; and water, by be¬ 
ing Sormed into many Small bubbles, either alone 
in the Sorm of Sroth, or by Shaking it together with 
oil oS turpentine, or Some other convenient liquor 
with which it will not perfectly incorporate. 

The parts oS bodies and their interSlices muftnot c 
be leSs than Some definite bigneSs to render them 
opake and coloured. 

For the opakeft bodies, iS their parts be Subtilely d 
divided, as metals, by being diflolved in acid men- 
ftruums, &c. become perfectly transparent. And 
it may alSo be remembered, that the black Spot 
near the point of contact of the two plates of 
glaSs being of Some considerable breadth, trank 
mitted the whole light where the glaSTes did not 
absolutely touch (281, y). And the reflection at 
the thioneft part of the Soap- bubble was So infenfible 
as to make that part appear intenfely black, by the 
want of reflected light (184, 1). 

On thefe grounds it is, that water. Salt, glaSs, z 
Stones, and Such like fubftances, are transparent. For 
on many considerations they Seem to be as full of 
pores or interstices between their parts as other bodies 

U 4 are. 
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arc, but yet their parts and interftices to be to® 
fmall to caufe reflection in their common furfaces. 

r The tranfparent parts of bodies, according to 
their feveral fizes, muft reflect rays of one colour, 
and tranfmit thofe of another, on the fame ground 
that thin plates or bubbles do reflect or tranlmit 
thole rays. And this appears to be the ground of 
all their colours. 

c For if a thin body or plate, which, being of an 
even thicknefs, appears all over of one uniform 

' colour, fhould be flit into threads, or broken into 
fragments of the lame thickneis with the plate; there 
is no realbn why every thread or fragment Ihould 
not keep its colour, and by confequence, why a 
heap of thofe threads or fiagments Ihould not con- 
ftitute a mafs or powder of the fame colour which 
the plate exhibited before it was broken. And the 
parts of all bodies being like fo many fiagments of 
a plate, muft on the fame grounds exhibit the fame 
colours. 

H Now, that they do fo, will appear by the affinity 
of their properties. The finely coloured feathers 
of Tome birds, and particularly thofe of peacocks 
tails, do in the very lame part of the feather appear 
of feveral colours in feveral pofitions of the eye. 
Ukewife the fine-fpun webs of fome Ipiders appear 
coloured; and the fibres of lome filks, by varying 
die pofition of the eye, do vary their colours. Alfo 
the .Colours of filks, cloths, f and other lubftances 
which liquids can eafily penetrate, become more 
feint by being wetted, much after the manner of the 

plate 
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plate of Mufcovy glafs, and recover their vigour 
again by being dried. 

The air refledts the blue rays moft plentifully, i 
and muft therefore tranfinit the red, orange, and yeL 
low more copioufly than the other rays. If the light 
of the fetting-fun, by pafling through 'a long 
tradt of air, be diverted of the more reflexible rays,. 
the green, blue indigo, and violet, the remainder, 
which is tranfmifted, will illuminate the weftem 
clouds with an orange colour; and as the Sun fets 
more and more, the tract of air through which thfc ' 
rays muft pafs becomes longer, the yellow and 
orange are refledted, and the clouds grow more 
deeply red, till at length the diiappearance of the 
Sun leaves them of a leaden hue by the refledtion 
of the blue light from the air. A fimilar change of 
colour is obferved on' the fnowy tops of the Alps in 
Switzerland, and the fame may be ften, though 
lefs ftrongly, on the eaftern and weftern fronts of 
white buildings; St. Paul’s Church at London is a 
good objedt of this kind, and is often at fun-fet 
tinged with a confide rable' degree of rednefs. The 
fame caufe Jikewife occafions the Moon in an eclipfe 
to affume a ruddy colour by the light tranfmitted 
through the atmofphere (156, n, o). 

The parts of bodies, on which their colours de- k. 
pend, are denfer than the medium which pervades 
their intcrftices. 

For if they were not, the variation of colour, 1, 
arifing from the various obliquities of the incident 
light, 128 5, e. 285 k) would compound a mixtand 
imperfedl colour, and never fo vivid as experience - 

evinces. 
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evinces. But when the parts are much denfer than 

the ambient medium, this variation is not lb confi- 

% 

. derable; and therefore, the rays which are reflected 
Jcaft obliquely may predominate over the reft, fo 
much as to caufe a heap of fuch particles to appear 
very intenfely of their colour. 
u And hence the magnitude of the component 
parts of natural bodies may be conjectured by their 
colours. 

N For, fince the parts of thefe bodies are of about 
the lame denfity as water or glafs, as by many cir- 
’ cumftances is obvious to collect, it is highly pro¬ 
bable that they exhibit the fame colours with a plate 
of equal thicknefs. That colour being known, the 
thicknefs. may be eafily found by the preceding 
oblervations. 


CHAP. IX. 

» 

OF THE INFLECTIONS OF THE RAYS OF LIGHT WHICH 

PASS IN THE VICINITIES OF BODIES. 

- \ 

o It is obfervable, that if a beam of the Sun's 
light be let into a dark room through a very fmall 
hole, the fhadows of things in this light will be 
larger than they ought to be if the rays went on 
by the bodies in ftrait Hnes, and that thefe lbadows 
have three parallel fringes, bands, or ranks of colours 
adjacent to them. The principal circumftances of 

the phenomenon are as follow: 

► 

p If a beam of the Sun's light be admitted into a 
darkened chamber through a hole of the breadth 

of 
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of the forty-fecond part of an inch, or thereabouts, 
the fliadows of hairs, thread, ftraws, and other fmali 
bodies, appear considerably broader than they 
would be if the light palled by. them in ftrait lines. 
For examplej a hair, whofe breadth was the 280th 
part of an inch, being held in this light at the dis¬ 
tance of about twelve feet from the hole, did caft a 
fhadoW which, at the diftancc of four inches from 
the hair, was the flxtieth part of an inch broad, 
that is, above four times broader than the hair; 
and at the diftance of ten feet, was the eighth part 
of an inch broad, that is, thirty-five times broader. 

Nor is the effeft altered by an alteration in the 
denfity of the medium contiguous to the hair, for 
its ftiadow at like diftanees was equal, whether it 
was in the open air, or inclofed between two plates 
of wet glad, care being had that the incidence and 
emergence of the ray was perpendicular to the 
glafles. Scratches on the furface or veins in the 
body of polifhed glafles did alfo caft the like broad 
lhadows. And therefore the great breadth of thefe 
fhadows muft proceed from fomc other caufe than 
the ufual refradtion which might arife from any 
adtion of the ambient medium. 

Let the circle x (fig. 84) reprefent the middle ft 
of the hair; ado, b e h, cfi, three rays pafling 
by one fide of the hair at leveral diftanees; k n 
lor, m ps', three other rays pafling by the other 
fide of the hair at the like diftanees; d, e, f, and 
n, o, p, the places where the rays are bent in 
fheir paflage by the hairj c, h, i, and r, s, 

I thp 
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the places where the rays fall on a paper, c^j i a 
the breadth of the fhadow of the hair cad on the 
paper; and ti, vs, two rays which fall on the 
points i and s, without being at all deflected by the 
a&ion of the hair. Then it is manifeft, that all the 
rays between t i and v s are bent in patting by the 
1 hair, and turned afide from the fhadow i s, becaufe, 
if any part of the light were not bent it would fall 
within the fhadow, and there illuminate the paper, 
contrary, to experience. And becaufe, when the 
paper is at a great diftance from the hair, the fha¬ 
dow is broad, and therefore the rays t i and v s 
are at a great diflance from each other, it follows 
that the hair a£ts upon . the rays of light at a con- 
fiderable diflance in their patting by it. But be¬ 
caufe the fhadow of the hair is much broader in 
proportion to the diflance of the paper from the 
hair when the paper- is nearer to the hair than when 
it is at a great diflance from it, it is evident that the 
aftion is flronger on the rays which pafs by at lead 
diftances, and grows weaker and weaker accord- 

9 

ingly as the rays pafs by at diftances greater and 
greater, as is reprefented in the fcheme, 
s The fhadows of all bodies in this light are bor¬ 
dered with three parallel fringes or bands of coloured 
light, of which that contiguous to the lhadow is 
broadeft and mod luminous, and that mod remote 

* 

from it is narrowed, and fb faint as fcarcely to be 
vifible. If the light be received very obliquely on 
paper, or any other fmooth white body, the colours 
may be plainly didinguif^cd in this order, viz. the 

firft 
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firft or innermoft fringe is violet, and deep blue next 
the ftiadow, and then light blue, green and yellow 
in the middle, and red without. The fecnnd fringe 
is almoft contiguous to the full, and the third to the 
iccond, aud both are blue within, and yellow and red 
without, but their colours are veiy faint, el serially 
thofe of the third. The colours therefore proceed 
in this order fiom the Jhadow, violet, indigo, pale 
blue, green, yellow, red; blue, yellow, red; pale 
blue, pale yellow, and red. 

If a larger beam of the Sun’s light be admitted T 
into a dark chamber, and part of it rectived on the 
blade of a (harp knife, * whole plane interferes the 
direction of the beam at right angles, while the 
other part is fufiered to pafs by the edge of the 
knife, and received on a paper at the diftance of 
about three feet; this laft light will appear to fhoot 
out or fend forth two faint luminous ftreams both 
w-ays into the fhadow, fomewhat like the tails of 
comets. Their ftreams being very faint, are fo 
much obfcuied by the light of the principal direct 
rays, that it is necefiary, in order to fee them with 
any degree of diftintftnefs, to let the direct rays pafs 
through a hole in the paper on to a piece of black 
cloth. The light of the ftreams is then perceptible 
on the paper to the diftance of fix or eight inches 
ftom the Sun’s direct light each way, and in all the 
progrels from that direct light decreafes gradually 
till it becomes infenfible. 

If two knife-blades, with ftrait edges, be fo it 
fixed or fet in a frame, that they may both be 

licuated 
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iituated in the fame plane, their edges parallel, and 
facing each other, and one of the blades moveable 
towards or from the other by means of a fcrew, fb 
that their parallelifm may be always preferved, a 
beam of light may be fuffered to pafs between 
their edges, and the appearances are the following: 
when the knives are at a confiderable diftance, fo 
that the intromitted beam is broad, the ftreams of 
light which fhoot both ways into the fhadow are 
fcarce vilible, for the reafon already mentioned, 
and the edges of the fhadows are not bordered with 
coloured fringes, they becoming fo broad that they 
run into each other, and by joining, form one con¬ 
tinued light or whiccnefs at the beginning of the 
ftreams/ As the knives approach each other the 

fringes of colour appear on the confine of each 

* 

fhadow, becoming diftindter and larger until they 
vanifh, which happens when the edges are diftant 
fomewhat more than the 400th part of an inch. 
After the fringes have difappeared, the line of light, 
which was in the middle between them, grows very 
broad, enlarging itfelf both ways into the* ftreams 
of light afore-mentioned; and when the knives are 
diftant above the 400th part of an inch, the light 
parts in the middle, and leaves a fhadow between 
the two parts. And as the knives ftill approach 
each other, the fhadow grows broader, and the 
ftreams fhorter at their inward ends, which are con¬ 
tiguous to the fhadow, till upon the contadt of the 
. knives 
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knives the whole light vanilhes, leaving its place 
to the fhadow *. 

\ 

From thefe and fome other experiments of the 
fame tendency, it may be inferred. 

That all bodies aft upon the particles of light v 
attracting them when within a certain diftance, and 
at greater diftances repelling themi for the two 
comet-like dreams feem to be produced, the one 
by an attractive power exerted, by which the light 
is thrown into the (hadow of the knife, and the 
other by a repulfion, by which it is turned towards 
the contrary part or region. 

That diefe actions are ftronger on thole rays w 
which pafs nearer the body than on thofe. which 
pafs at greater diftances: conlequently thofe rays 
which were parallel before their arrival in the vici¬ 
nity of the body being varioufly deflected, muft, 
after palling, diverge from each otherj and, at the 
limit dr diftanCe - at which attraction ceafes, and 
repulfion begins, there muft be a place at which the 
palling rays being very little affefted by the aCtion 
of the body, will proceed parallel, as before their 
arrival in it.; vicinity. 

That this limitation or diftance may differ in x 

rap of different colours, and caule the appearance 

% 

• The experiments of Newton on the inflection of light 
are few, and imperfeci'. Thofe who have followed him in 
this delicate and highly important department of Natural 
Phiicfophv, have done little more than add fome infulatid fads 
to thole obl'erved by him. The law followed by the powers 
that infled light, and the limits of its aftion, are yet unknown. 

Of 
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of fringes: for, if the limit be lefs in the violet 

% 

rays than in the red rays, the parallel rays of the 
violet colour will form a fringe, which ihall be 
nearer the ihadow of the body than that which is 
formed by the parallel rays of the red colour: and 
fb of the intermediate colours will be formed inter¬ 
mediate fringes. It muft, however, be confefled, 
that this fuppofition docs not account for the repe¬ 
tition of the fame colour at different diftances. 


CHAP. X. 

OF THE POWERS BY WHICH BODIES REFLECT Oft. 

- REFRACT THE RAYS OF LIGHT* 

/ 

y The reflexion of light is not cauled by its im¬ 
pinging or ftriking on the folid parts of bodies, 
z This will appear by the following confiderations. 
Firft, That, in the paflage of light out of glafs into 
air,, there is a refleftion as ftrong as in its paflage 
out of air into glafs, or rather a little ftronger, and 
by maily degrees ftronger than in its paflage out of 
gllifs into water. And it feems not probable, that 
air Ihould have more refle&ing parts than water or 
glals. But if that ihould poffibly be fuppofed, 
A yet it will avail nothing; for the refle&ion is as 
ftrong, or ftronger, when the air is drawn away from 
die glafs, as when it is adjacent to it. Secondly, if 
light in its paflage out of glafs into air 'be incident 
more obliquely (270, a) than at an angle of 40 or 

4* 
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41 degrees, it is wholly reflected; if lels obliquely, 
it is in a great meafure tranfmitted. Now/ it is not 
to be imagined that light, at one degree of obli¬ 
quity, fhould meet with pores enough in the air to 
tranfmit the greater part of it, and at another degree 
of obliquity, lhould fneet with nothing but parts to 
reflect it wholly j efpecially confidering that in its 
paflage out of air into glafs, how oblique loever 
be its incidence, it finds pores enough in the glafs 
to tranfmit the greateft part of it. If any one fup- 
pofe that it is not relieved by the air, but by the 
outmoft luperficial parts of the glafs, there is ftill 
the fame difficulty: befides, that fuch a fuppofition 
is unintelligible, and will alfo appear to be falle, 
by applying water behind fome part 'of the glafs , 
inltead of air. For lb in a convenient obliquity of 
the rays, fuppofe of 45 or 46-degrees, at which they 
are all reflected where the air is adjacent to the 
glafs, they fhall be in great meafure tranfmitted 
where the water is adjacent to it; which argues 
that their reflection depends on the conftkution of 
the air and water behind the glafs, and not in the 
finking of the rays upon the parts of the glafs. 
Thirdly, If the colours made by a prifm placed at 
the entrance of a beam of light into a darkened 
•room be fucceflively cafi on a fecond prifm (271, c) 
placed at a diftance from the former, in fuch man¬ 
ner that they are all alike incident upon it, the fccond 
prifm may be fo inclined to the incident rays, that 
thofe which are of a blue co'our fliall be all re¬ 
flected by it, and yet thofe of a red colour pretty 
Vol. I. X copioufiy 
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copioufly tranfmitted. Now, if the reflection be 
caufed by the parts bf air or glafe, it may be de¬ 
manded why, at the fame obliquity of incidence, 
the blue fhould wholly impinge on thole pares, fo 
as to be all reflected, and -yet the red find pores 
enough to be in great meafure tranfmitted. Fourth¬ 
ly, Where two glafies touch one another there is no 
fenfible reflection (281, y), and yet no reafon can 
be given why the rays fhould not impinge on the 
parts of the glafe as much when contiguous to 
other glafs as when contiguous to air. Fifthly, 
When the top of a foap water bubble, by the con¬ 
tinual fubfiding and exhaling of the water, becomes 
very thin, there is fuch a little and almoft infen- 
fible quantity of light reflected from it, that it 
appears intenfely black (284, 1); whereas, round 
about that black fpot, where the water is thicker, 
the reflection is fo ftrong as to make the water 
feem very white. Nor is it only at the leaft thick- 
nefs of thin plates or bubbles, that there is no 
manifeft reflection, but at many other thicknefies 
continually greater and greater. For we have feen 
that the rays of the fame colour are by turns 
tranfmitted at one thickncfe, and reflected at an¬ 
other thicknefe for an indeterminate number of 
fucceffions. And yet, in the • fiiperficies of the 
thin body, where it is of any one thicknefe, there 
are as many parts for the rays to impinge on as 
where it is of any ocher thicknefe. Sixthly, If 
reflection were caufed by the parts of reflecting 
bodies, it Would be impoffible for thin plates or 

bubbles 
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bubbles sit the fame place to refleX the Fays of 
one colour, and tranfmic thofe of another. For it 
is not to be imagined, that at one place the rays 
which, for indance, exhibit a blue colour, fhould 
accidentally drike upon the parts, and thole which 
exhibit a red upon the pores, of the body; and then 
at another place, where the body is either a little 
thicker or a little thinner, that on the contrary, the 
blue lhould hit upon its pores, and the red upon its 
parts. Ladly, Were the rays of light reflected by im- c 
pinging on the folid parts of bodies, their reflexions 
from polilhed bodies could not be lb regular as they 
are. For in polilhing glals with land, putty, or 
tripoly, it is not to be imagined, that thofe fub- 
dances can, by grating and fretting the glafs, bring 
all its lead particles to an accurate poliih, fo that 
all their furfaces lhall be truly plane or truly lphe- 
rical, and look all the fame way, lo as together to 
compofe one even fiirface. The fmaller the par¬ 
ticles of thofe fubftances are, the fmaller will be 
the fcratches by which they continually fret and 
wear away the glals until it. be polilhed; but be 
they ever fo fmall, they can wear away the glafs no 
otherwife than by grating and fcratching it, and 
breaking the protuberances, and therefore poljlh it 
no otherwife than by bringing its roughnels to a 
very fine grain, lb that the fcratches and frettings 
of the furface become too fmall to be vifible. And 
therefore, if light were refleXed by impinging upon 
the folid parts of the glafs, it would be fcattered 
as much and as irregularly by the mod polilhed 

X 2 glaG 
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glafs as by the roughed. So that it remains a pro * 
blem, how glafs polilhed by fretting fubftances can 
refleCt light fo regularly as it docs. And this problem 
is fcarce otherwife to be folved than by faying, that 
the reflection of a ray is effected not by a finglc 
point of the icfleCting body, but by fome power 
of the body which is evenly diffufed all over its 
furface, and by which it aCts upon the ray without 
immediate contaCt: for that the parts of bodies do 
aCt upon light at a diftance, has already been 
fliewn (301, t, u). 

Now, if lignt be reflected, not by impinging 
on the folid pans of bodies, but by fome other 
principle, it is probable that as manv of its rays as 
impinge on the folid parts of bodies arc not re¬ 
flected, but ftifled or loft in the bodies. For 
otherwife, we muft allow two forts of reflections. 
Should all the rays be reflected which impinge on 
the folid parts of clear water or cryllal, thofe fub¬ 
ftances would rather have a cloudy colour than a 
clear tranlparency. To make bodies look black 
in all pofitions, it is neceflaiy that many rays be 
flopped, retained, and loft in them; and it is 
difficult to conceive that any lays can be ftopt 
and ftifled in them which do not impinge on their 
parts. 

Bodies refleCt and refraCt light by cne and die 
fame power, varioufly exeicifed in various ciicuin- 
ftances. 

This appears by fcveral confiderations. Fiift, 

Becaufe when light; goes out of glafs into air as 

obi up icly 
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obliquely as it can poffibly do, if 1 its incidence be 
made (till more oblique, it becomes totally reflected 
(270, a). For the power of the glafs, after it has 
refracted the light as obliquely as is poffible, if the 
incidence be dill made more oblique, becomes too 
ftrong to let any of its rays go through, and by 
confequence caufes total reflection. Secondly, Be- 
caufe light is alternately reflected and tranfmitted 
by thin plates of glafs for many fucceflions (285, l) 
accordingly as the thicknels of the plate increafes in 
an arithmetical progreflion. For here the thicknels 
of the glafs determines whether that power by which 
glafs aCts upon light lhall caufe it to be reflected, 
or fuffer it to be tranfmitted. And thirdly, Becaufe 
thole furfaccs of tranfparent bodies which have the 
greatefl: refracting power do alfo refleCt the greateft 
quantity of light (292, n, c). 

The power by which bodies refleCt and refraCt f 
iight, is the fame as was (hewn to be common to all 
bodies, and the caufe of the inflection of the rays 
of light palling in their vicinities (303, u). For 
we mull admit no more caufes than are true, and 
fufficient to explain the phenomena (6, 1). Such 
a caufe is this j its exigence being proved, and its 
adequacy to the explanation of the reflection and 
refraCtion of light eafy to be Ihewn. 

Let cd, (fig. 85) reprefent the furface of a g 
tranfparent body a, contiguous either to a vacuum 
b, or other medium poflefling a lefs power of reflect¬ 
ing or refraCting the rays of light. Let e f repre¬ 
fent an imaginary furface at fitch a diltance from 

X 3 c p 
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CD as to be Gfiuated at die limit of attraction, 
(303, w) that is to fay, the fpacc between e f and 
c d is that in which, if a ray of light pals, it will 
be attracted by the denfc body a, and on the other 
fide towards b, near the line £ f, a ray of light will 
be repelled. 

Suppofe now gh to be a ray of light palling 
within the rare medium b, obliquely towards the 
furface c d, and let the line or part k h denote its 
velocity. This motion may (23, t) be refolved 
into k 1 parallel, and ih perpendicular to cd. 
The attraction or repulfion exerted by the neareft 
parts of the body a (and the other parts may be 
negleCted) or by thole in the furface c d, mult be 
affumed to aCt in the perpendicular to that fur¬ 
face, becaufe no reafon can be given why it Ihould 
aCt towards one fide more than another. It will 
therefore alter only the motion 1 h without affeCt- 
ing k i. When the light approaches e f it will be 
repelled j and if the force of repulfion in arriving 
at e f be greater than would generate the momen¬ 
tum 1 h<, this laft motion will be entirely deftroyed 
before the light can arrive at the imaginary fur¬ 
face. The aCtion of the repulfion, after it has. 
deftroyed 1 h, will, whatever may be its law,* pro¬ 
duce an equal velocity in the oppofite direction. 
Confequently the ray will deferibe a motion com¬ 
pounded of h 1 and 1 l (equal to k i) and in the 
fame direction; that is, it will pafs through the line 
h l, making the angle of reflection 1 h l equal to 
{he angle of incidence ihk (262, y). 

4 


Again, 



REFLECTION AND REFRACTION. JIf 

Again, fuppofc ms to be a ray of light palling 
within the rare medium b, which either by the 
more direCb courfe towards the furface or otherwise 
has the perpendicular part o n of its motion too 
great to be deftroyed by the repulfion experienced 
in approaching ef. It will pais that imaginary 
furface, fullering, only a diminution of its velocity 
eftimated in the perpendicular o n. While it goes 
forward towards c d, its velocity in the perpendi¬ 
cular will be continually augmented by the attrac¬ 
tive force; and if the whole accelerating force ex¬ 
ceed the whole retarding force, as in this cafe ex¬ 
perience ihews it does, the light will enter and 
proceed in the denfe body with a velocity in the 
perpendicular o^s, greater than it had before in 
o n j the parallel velocity p o or s r ftill continu¬ 
ing the fame. The ray qjr will for this reafon 
make a lefs angle s q_r with the perpendicular 

than before, inftead of continuing in the line n u ; 

# 

that is, it will be refraCted towards the perpendi¬ 
cular by entering the denfe body (262, a). 

Again, fuppofe v w to be a ray of light palling k 
within the denfe body a, obliquely towards the • 
furface cd. Refolve the motion reprefented by 
y w into y x and x w, the firft parallel, and the lat¬ 
ter perpendicular to cd. The ray will pals out of 
the denfe body into the fpace between ef and c d; 
where, if the force of attraction towards cd on a 
ray during its pafiage to ef be greater than the 
momentum x w in the contrary direction, this laft 
motion will be entirely deftroyed before the light 

X 4 can 
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can arrive at the imaginary furface. Whence it 
follows, that for rcafons fimilar to thofe ufed in 
fpeaking of the ray g h (310, H),.the ray vw will 
be again returned towards c d, with a velocity equal 
jand contrary to x w, which, together with x z, the 
continuation of the uniform and unalteicd velocity 
yx, will compound the aftual motion wz, making 
the angle of reflection x w z equal to the angle of 
incidence x w y ( 26 2, y ). 

Laftly, fiippofe t q_ to be a ray of light palling 
within the denfe body *, which either by the more 
direct couife towards the furface, or otherwife, has 
the perpendicular part s q. of its motion too gieat 
to be deftr r -ytd by the attraction expei ienced in its 
paflage to tr. It will pafs that imaginary furface, 
fufftring only a diminution of its velocity eftimated 
in the perpendicular s q. When it has gone be¬ 
yond e f, its velocity in the perpendicular will be 
continually augmented by the repulfive force; and 
if the whole accelerating force be ltfs than the whole 
retarding force, as in this cafe experience fhews it is, 
tiie light will enter, and proceed in, the rare me¬ 
dium with a velocity in the pelpcndicular n o, lefs 
th m it had before in s q_; the parallel velocity r s 
or o p flill continuing the fame. The lay n p will 
for this reafon make a greater angle onf with the 
pei pendicular than before \ that is, it will be re¬ 
flated fiom the perpendicular by entering the rare 
medium (262, z, a). 

m brom thefe confide rations it is deduced alfo, 
that the rays of light are not refraCted or reflected 
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all at ohce, but in refraction bent into a curve 
by the aCtion of the body, fb as to enter the, furface 
of any medium more or lefs directly than they other- 
wife would have done, if its denfity had conti¬ 
nued the fame through the whole courfe of the 
rays. And in reflection, that the force acting in 
the direction of the perpendicular to die furface 
of a body, does not deftroy the motion of the * 
ray all at once, but bends it back in a curve. 
Which force, when it has deftroyed that part of 
the motion of the ray which tended perpendicularly 
towards the common fyrface of the adjacent me¬ 
diums, muft reflect the ray with an equal angle 
and degree of velocity on the oppofite fide of the 
perpendicular to the point of incidence, or vertex 
of the curve. This is evident from what has al- n 
ready been faid on the compofition and refolution 
of motion (23, t), and may, perhaps, without 
entering into particular explanations, be more rea¬ 
dily conceived by attending to the motions of bodies 
projected obliquely from the Earth's furface; for 
here the afcending or perpendicular part of the mo¬ 
tion is gradually deftroyed by the continually act¬ 
ing force, and a new, fimilar, and equal jnotion is 
generated in the contrary direction. Which, ab- 
ftraCting the effeCt of the air’s refiftance, caufes 
the body to fall under an equal angle, and with the 
fame velocity. 

If the forces of bodies upon die particles of o 
light be fuppofed to aCt equally after the ratio of 
the mafies of the, particles, the rays will be all 

equally 
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equally refraCted or reflected, however different 
p their mafles, provided their velocities be equal. 
If the lame Jaw of the forces be fuppofed, and the 
velocities of the particles be various, thole which 
move with lels velocities will fuffrer a greater de¬ 
flection than thole which move with greater velo- 
' cities. The varying refrangibility and reflexibility 
of the rays of light muff: arife either from the va¬ 
rious velocities of the particles themfclves, or from 
the aCtion of bodies on the particles being ftrongcr 
on iome than on others, after the ratio of their 
mafles. If the various velocities were the caufc, the 
moons of Jupiter* after being eclipled, ought to 
appear illuminated with a variety of colours, in 
fuceeliion, as the velocities of their conftituent 
rays caufed, them relpeCtively to arrive at the eye 
of the obfcrver: and when light is dilperfed, by 
refra&ion, into its component colours, the quan¬ 
tity of this dilperlion ought in every medium 
to be equal at equal mean refractions of the 
whole ray: both which are contrary to experience. 
r Whence it follows, in order to produce the va¬ 
riety of refraction or reflection which happens in 
the leveral rays of light* bodies muff; aCt on fame 
of the particles of light more ftrongly than upon 
others, alter the ratio of their mafles. 
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Of Optics. 


CHAP. I. 

CONCERNING THE REFLECTION AND REFRAC-. 

TION OF LIGHT BY SURFACES REG U LARLT 

FORMED. 

Before the difcoveries of Sir Ifaac Newton a 
had fhewn the compofition of white light, the 
fcience of optics confined of proportions in which 
the rays of light were always fuppofed to be equally 
refrangible or reflexible. And, indeed, though 
the dilperlion of light, when refraCted into its 
component colours, is the greateft obftacle to the 
perfection of the inftruments now made; yet on 
molt occafions, with refpeCt to vifion, we may re¬ 
gard a ray of white light as frill continuing white, 
even after refraction. For the colours of the lpec- 
trum into which it is dilated, are fo near each 
other; when the incidence is near the perpendicu¬ 
lar, that to ienie they form a white very little dif¬ 
fering from that of the incident ray. But in s 

nels. 
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nefs, the general principles of optics are true only 
of any fingle kind of rays. 

c That bodies are vifible only by means of the 
light which they emit or refled-, is too evident to 
need any particular proof; and that every point 
of an illuminated furface emits the rays of light 
in all diredions, is clear from the vifibility of the 
furface, to an eye in any pofition whatfoever: for 
if any part or fenfible point of the furface did not 
emit light in a fuppofed or given dircdion, that 
point, to an eye placed in that diredion, mull be 

4 * 

invifible. But this effed never happens. 
v The rays which proceed from a point are necef- 
farily divergent, but if they fall on a refleding 
or refrading furface, they will be fcattered in fuch 
diredions as the conftrudion of the furface pro- 
E duces. If the lurface be properly formed, the 
whole beam of rays may proceed, after, refledion 
Or refradion, either diverging from fome other 
point, or parallel, or converging to a point. 
f When the rays which are emitted or proceed 
from any point are confidered, that point is called 
g the radiant point; when the rays which proceed to 
any point are confidered, that point is called the 
h focus; and when the rays which proceed from a 
whole furface or objed, are confidered, the body 
of rays which is emitted from any one point, or 
as much of it as is applied to ufe, is called a pencil 
of rays. 

i . Since a pencil of rays emanating from any 
given point of fpace, is the means by which the 

fight 
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fight affures us, that a body exifts at or in that 
point, it is plain that rte are liable to deception 
in that refpedt: for if the pencil be fo affcdtcd, 
either by rcfledtion or refradtion, as to proceed 
with a different divergency or. diredtion, that is, 
in the fame manner as it would have proceeded if 
emitted from Ibme other point of fpace, the fenfe 
wiil refer the place of the objedt to the point 
which is in the diredtion of the laft courfe of the 
jays (263, c). 

Thus, if mr (fig. 86) reprefent the fedtion of k 
a plane mirror, and os an objedt, then the pen- ’ 
oils o c and b d being reflected at c and d, wiil 
proceed to the eye at e, in the fame manner as if 
emitted from points fituated at 1 and m, and the 
fame happening to the pencils which arc emitted 
from the intermediate points between o and b, the 
fenfe will refer the place of the objedt to 1 m. The . 
lame happens by refradtion, as is clear from the 
confideration of fig. 73. (263, e). 

If a pencil of rays be rendered convergent, fo l 
as to meet and crols each other in a point, they will 
afterwards diverge, and the fenfe will refer the 
place of the radiant point or objedt to the focus, 
of the convergent rays, from which the divergence 
was laft made; and that rays of any fort may be 
rendered thus convergent, either by refledtion or 
refradtion, is eafily Ihewn. 

Suppofe r (fig. 87) to be a point, in any. il- m 
luminated or luminous objedt, which emits a pen¬ 
cil confifting of feven rays of light, r a, r b, r c, 

rd. 
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ro, r e, r f, r o j kt the ray r a be received on 
a fpeculum, lb placed as to reflect it through the 
point s: let another ipeculum be adapted to re¬ 
ceive and refled); r b alio through s; and, in like 
manner, kt the other rays be reflected through the 
lame point * and the point s will become a radiant 
point, by means of the divergent rays, and will 
affeCt the fenfe in the fame manner as if the rays 
a&ually flowed from a body placed there. If 
the Ipeculums be fuppofed to touch each other, 
they will form a polygonal concavity. Suppole 
now the number of rays, inftead of feven, to be 
infinite; then the adapted reflecting furface ag, 
inftead of polygonal, muft become curve, by rea- 
lon of the infinite number of fides. The fame 
reafoning may be applied to rays, which, inftead 
of being emitted from a point, or diverging, fall on 
the reflecting furface, either converging to a 
point, or parallel to each other. It is therefore 
poflible to conftruCt a fuperficies that lhaU reflect 
into a focus the rays of light, which, either by 
converging or diverging, are directed either to or 
from any particular point. 

n .Upon the lame principles may be conltruCted 
ipeculums, which lhaU caufe the rays, after reflec¬ 
tion, to diverge from any given point behind die 

o reflecting furface. Thofe fpecukuns, which caufe 
the rays to become more divergent muft be convex, 
and thofe which caufe them to become more con- 

9 

vergent muft be concave, as may eafily be ima¬ 
gined. 

\ 


The 
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The celebrated Archimedes at die fiege of Sy* p 
racufe, is laid to have deftroyed the Ihips of Mar- 
oeltus, by a machine compofed of fpeculums. 
Since a plane fpeculum, in theory, reflects all the 
light which is incident upon it, under the lame 
affections with which it was incident ; the rays of 
the Sun, which, as coming from a vaftly diftant - 
objeCt, may be efteemed parallel, will be reflected 
parallel to each other; and confequendy will heat 
and illuminate any fubftance on which they fall 
after reflection, in the fame manner as if the Sun 
(hone direCtly upon it. Two fpeculums, which 
refleCt the Sun’s light on the fame fubftance, will 
heat it twice as much as the Sun’s direCt light. 
Three will, in like circumftances, heat it three 
times as much. And, by increaflng the number 
of fpeculums, a prodigious degree of heat may be 
produced; more than fufficient to confume and de- 
(troy any inflammable fubftance. 

Though a plane fpeculum in theory is fuppofed 
to refleCt all the light which hills upon it, yet in 
practice almoft half the light is loft, on account 
of the inaccuracy of the polifh, and the want of 
perfect opacity in the .fubftance of the mirror; 
on which accounts it happens that a confiderable 
part of the light is fcattered in all directions* 
and another part is abforbed by the body. The R 
indefatigable Buffon, in the year 1747, was the 
firft of the moderns who conftruCted a burning 
machine of this kind. It confifted of 168 quick* 
filvered glaffes or ipccula, each 8 inches long and 

6 broad. 
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6 broad, lo contrived, that, the focal diftance might 
be varied, and alfo the number of glafles, as oc- 
eafions required. In the month of March, 1747, 
with 40 glafles he burnt a plank, at the diftance of 
about 70 feet. 

s If a body of rays, which either proceeds paral¬ 
lel, or, by converging or diverging, refpeils a 
given point, fall on the intercedent furfacc of two 
mediums of different refracting powers, the rays 
may be fo refraited, if the furface be rightly formed, 

# 

as to proceed parallel, or to converge to, or to 
diverge from, fome other point. 

t Let the polygonal furface ABCDtrc (fig. 88) 
reprefent the furface intercedent between two me¬ 
diums, the rarer being fituated on the fide towards 
jr, and the denfer towards s; and let a pencil, 
compofed of feven rays, ra, rb, r c, rd, re, 
r f, r o, be Incident, each ray on a different plane, 
as reprefented in the figure. Suppofe the ray r a 
to be received on the furface at a, with an angle 
of incidence that correfponds to the angle of re¬ 
fraction which deflects the ray to the point s. And 
foppofe the ray a b to be received lefs obliquely, 
or at a certain lefs angle of incidence; its angle-of 
refraftion will alfo be lefs, and it will proceed to 
s. And let a fimilar adjuftment of the planes at 
c, D, &c. be fuppofed, and the other rays will be 
refrail ed to the fame point. Or if s be fuppofed 
the radiant point, the mediums being as before, 

v the focus will be at r. It is therefore plain, that 
rays proceeding out of a rare into a denfe medium 

are 
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are rendered, more convergent by a, convex furface, 
and rays, proceeding out of a denfe into a rare 
medium, are rendered more convergent by a con¬ 
cave furface; and the contrary. Let the pencil 
confift of an infinite number of rays, and the 
polygonal furface, adapted to refraCt it to a point, 
will, by reafon of the infinite number of its fides, 

t 9 

become a curve. The fame argument may be 
applied to rays that are either convergent or . 
parallel at their incidence on the refracting furface. 
Confequently, the intercedent furface of two me¬ 
diums may be fo formed as to refraCt into a focus," v 
or render parallel, or divergent thofe rays,' which, 
at their incidence, are either parallel, or do, by 
converging or diverging, refpeCt any particular 
point. 

From the eftablifhed laws of reflection and re- v 
fraction, it is not difficult to inveftigate the nature 
of the curves, into which the before-mentioned 
furfaces ought to be formed. But as the errors w 
that arife from the ufe of fpherical furfaces are 
very fmall, and may be remedied by other means, 
and the mechanical or practical conftruCtion of the 
required curves is very difficult, the parts of op¬ 
tical inftruments are commonly formed fpherical. 
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CONCERNING LENSES* 


CHAP. II. 

/ 

OF DIOPTRICS i OR THE REGULAR REFRACTION 

A • 

OF LIGHT. 

x Glass being a medium denfcr and more re¬ 
drafting than the air, is ufed to make the tranipa- 
rent parts of optical inftruments which are con- 
ftrufted to aft by the principle of refraftion. A 
piece of glafs properly figured for that purpofe is 
called a lens, and is diftinguifhed by the nature of 
its furfaces: thus a (fig. 89) is a plano-convex, b a 
double convex, c a plano-concave, d a double con¬ 
cave, and .E a convex-concave, 
v The two firft lenfes, a and b, nearly refemble 
each other in their properties j for they refraft con¬ 
verging or parallel rays to 'a point or focus, and 
refraft diverging rays, fo as either to make them 
meet in a focus or proceed left divergent than be- 
z fore. If ab (fig. 71) reprefent a double convey 
lens, and r a radiant point, then the rays which 
fall on the lens will be refrafted to f, if the lens 
a be of the requifite convexity. For the rays that 
foil on' the convex furfoce a c d are rendered more 
convergent, and are made to converge ftill more 
by foiling on the concave furface adb (320, u). 
The two following lenfes, e and d (fig. 89), are 
referred to one fpecies, on account of .the refem- 
blance of their properties! for they render die in¬ 
cident rays more divergent than before, and there- 
, fore 
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fore caufe diverging or parallel rays to di verge/rom 
an imaginary or virtual focus, and refradt con-, 
verging rays, lo as either to make them diverge 
from an imaginary focus, or proceed lefs vconver- 
gent than before. If ab (fig. 91) reprefent a B 
double concave lens, and r a radiant point, then 
the rays which fall on the lens will be rendered 
more divergent, and will proceed as if they had 
proceeded from the point f, which is called the 

viitual focus. The fifth lens e refcmbles a and c 
b, if its convexity be deeper, or a portion of a 
lefs fpheie than its concavity: but if the con¬ 
cavity be deepeft, it* properties refsmble thofc of 
c and d. 

In the four firft lenfes, the changes made in the d 
courfe of the rays are more confidei able the more 
the furfaces are curved; but in the laft the changes 
are more confiderable, t^e more the curvities of the 
two furfaces differ from each other. 

A right line, as rf (fig. 90) palling through b 
the center of any lens, and perpendicular to- 
both its furfaces, is called the axis of the lens. 
The focus of rays that refpeft the axis, either by 
falling parallel to it, or diverging from or converg¬ 
ing to a point lituated in it, is found in the axis, 
and is called the principal locus. 

A right line drawn from the point of convergence v 
or divergence of any pencil of rays incident on a 
lens, through the center of the lens, will 
through the focus of that pencil, if the point of 

Y 2 convergence 
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convergence or divergence be not fituated far from 
the axis. * 

o The rays of light which diverge from the focus 
after pafling through a lens, will occafion the ienfe 
to refer to that point, as if occupied by a lucid 
object (316, 1); the focus, therefore, may be faid 
to be the picture or image of the radiant point. 
And as a furface may be conceived to be com- 

f 

pofed of an indefinite number of radiant points, 
the like number of focal points will appear, and 
confequently a fur free will be formed that will be 

h the image of the radiant furface. Let o b (fig 92) 
reprefent an objedt, and l n a double convex lens; 
from o and b through c the center, draw the lines 
,oc 1 and b c m, and the foci of the points o and 
b will be found at 1 and m in thofe lines (323, f), 
more or lefs diftant from c, as the curvity of the 
furfaces of the glafs is lefs or greater. The foci 
of the radiant points fituated between o and b will 
. be found between 1 and m, by the fame procefs. 
Confequently an image will be there formed, refem- 
bling the objedt, from each point of which rays 
of light will diverge in the lame manner as from 
a real objedt} and its pofnion, by reafon that the 
rays crofs at c, will be inverted, or contrary to 

1 the objedt itfelf, as appears by the figure. And 
becaufe the triangles ocb and- 1 c m are fimilar, 
the linear magnitudes of the image and the objedt 
be to each other refpedtively as their diftances from 
the lens; (or. 

As 
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As the fide c o, or diftance of the objedt from 
the lens. 

Is to the fide o b, or length of the objedt, 

. So is the fide c r, or diftance of the image. 

To the fide i m, or length of the image. 

Again, let ob (fig. 93) reprefent an object, k 
and l n a double concave lens; draw oc and b c, 
and the virtual foci of the points o and b will be 
found at i and m in thofe lines (-323, f) more or 
lefs diftant from c, as the curvity of the furfaces 
of the glafs is lefs or greater. The intermediate 
points of the objedt will have their intermediate 

foci between 1 and m, and the pofition of the image 

% 

will be eredt as well as the objedt. And becaufe l 
the triangles o c b and 1 c m are fimilar, the lineac 
magnitudes of the objedt and image will be as 
their diftances from the lens. , 

Hence it may be ealily conceived, how convex m 
lenfes become burning-glaffes. For as the objedt 
and image, if viewed from the center of the lens 

s 

fubtend the fame angle, and the Sun is feen tinder 
an angle of about half a degree, we may readily 
find the denfity of the rays which form its image 
in the focus of any lens. For example, if a lens, n 
four inches broad, colledt the Sun’s rays into a 
focus, at the diftance of one foot, or twelve inches, 
the image will not be more than T V of an inch 
broad. The furface of this little circle, there¬ 
fore, will be 1600 times lefs than the furface of 
the lens, and confequently the Sun’s light mult 
be fo many times denfer within that circle. No ' 

Y 3 wonder. 
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wonder, then, that it burns with a degree of 
violence and ardor far exceeding that of any cu¬ 
linary fire. 

o If a paper or white fubftance be held in the 
focus of a conyex lens, the feveral foci of the ra¬ 
diant points of objects fituated on the other fide- 
of the iens will illuminate as many points on the 
paper; which illuminated points agreeing in rela¬ 
tive fituatioiij intenfity, and colour with thole of the 
objects themfelves, will depivSV an exa£t and lively 
peifpt dive view of the lame, though by realon 
of the cro.Hng of the lays, it will be inveited. 
But this phenomenon is fcarcely to be leen, if any 
light b'* J ci nitted to fall on thv paper befides 
tl at whit p fils through the lens; for which 
puinofe the lens may be fixed in th_ window- 
fhutter of <t dai kenetl chan ber, a» v/c fliall have 
cfCcafion to remark in future. 
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CHAP. III. 

4 

OF THE EYE; AND OF VISION. 

If the conftru&ion of the univerfe were not fo P 
evident a proof of the exiftence of a fupremely wife 
and benevolent Creator, as to render particular ar¬ 
guments unneceffary, (162, a) the ftru&ure of the 
eye might be offered as one, by no means of the leaft. 
This inftance, among numberlefs others, demon- 
ftrating that the beft performances of art are infi- • 
nitcly fhort of thofe which are continually produced 
by the divine mechanic. 

Though the apparatus, by which the eye is 
preferved and kept in a ftate proper for the quick 
motion and accurate direction towards the objefl 
to be viewed, is well worth attention and remark; 
yet, as it does not immediately come under our 
notice as illuftrative of the principles of optics, we 
fliall confider only the globe of the eye, or organ 
,by which vifion is performed. 

The eye is compofed of feveral tunics or inte- r 
guments, one within the other, and is filled with¬ 
in with tranfparent humors of different refra&ive 
denfities. The external tunic called the fclerotica, 
is white on the anterior part, except a circular por¬ 
tion immediately' in front, which is tranfparent, 
and more convex than the reft of the eye: this 
tranfparent part is called the cornea. Immediately 
adherent to the fclerotica within, is the choroides, 

Y 4 or 
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or uvea, which, at the circumference of the cornea, 
becomes the iris, being expanded over great part 
of its furfacc, though not contiguous to it. The 
iris is compoled. of two kinds of mufcular fibres; 
the one fort tend like the radii of a circle towards 
its center, and the others form a number of con¬ 
centric circles round the fame center. The central 
part of the iris is perforated, and the orifice, which 
is called the pupil, is of no conftant magnitude; 
for, when a very luminous objedt is viewed, the 
circular fibres of the iris contraft, and diminifii its 
orifice i and on the other hand, when obje&s are 
dark and obfeure, the radial fibres of the iris con- 
tradt, and enlarge the pupil fo as to admit a greater 
quantity of light into the eye. The iris is varioufly 
coloured in different perfons, but according to no 
certain rule: in general, they whole hair and com¬ 
pletion are light coloured, have the iris blue or" 
grey; and on the contrary, thofe whofe hair and 
complexion are dark, have the iris of a deep brown. 
But what fpecific difference this may occafion in 
the fenfe, of whether any at all, is not difcoverable.. 
Within the uvea is another membrane, which at 
the circumference of the cornea becomes fibrous, 
and is called the ligamentum ciliare. This liga¬ 
ment is attached to the circumference of a double 
convex lens, whofe axis correfporids with the center 
of the pupil; and which, by means of the fibres, 
can be altered in a fmall degree in portion, and 
perhaps in figure. The lens is termed the cryftal- 
line humor; and is included in a very ftrong and 

tranf- 
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tranfparent membrane, called the aracbnbides. 
Between the cryftalline humor and the cornea » 
contained a clear tranfparent fluid, called the aque¬ 
ous humor; and between the cryttalline humor 
and the pofterior part or bottom of the eye is in¬ 
cluded another clear tranfparent fluid, which is 
termed the vitreous humor. The refradtive denfity 
of the cryftalline is greater than thofe of the hu¬ 
mors that furround it. On the ftde next to the 
nofe a nerve is inferted in the bottom of each eye, 
about twenty-live degrees from the axis of the 
cryftalline, whicn, after entering the eye, is Ipread 
into an exceeding e coat of network, termed the 
retina. Laftly; a very black mucus or flime is 
ipread over all the internal parts of the eye, that 
are not tranfparent, except the anterior part of the 
iris, which, as before obferved, is coloured. 

In the figure, the ihree concentric circles a bc s 
(fig. 94) reprefent the coats of die eye. The 
external coat, or fclerotica, is tranfparent, and more 
convex between a and b, a k b being the cornea.' 

, The fecond tunic, or uvea is fibrous between d 
and 1, and between g and h, and is there called the 
iris; the hole i h is the.pupil. The third coat be¬ 
comes fibrous between d and e, and between c and 
f, being there called the ligamentum ciliare, and 
is attached to the circumference of the lens or 
cryftalline humour e f. The cavity or chamber 
aefb is filled with the aqueous humor, and the 
chambe|- dncpe is filled with the vitreous humor. 
At n is inferted the opdc nerve, the expansion of 

which, 
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which, over the internal furface d n o, is the 
retina. 

T The manner in which the eye adts upon the 
rays of light may be thus explained. Let o l re- 
prefcnt an objedt, and fuppofe a pencil of light to 
proceed from o, and enter the eyej then, becaule 
the cornea is a convex concave lens, whofe con¬ 
vexity is greateft, (323, c) the lays will be rendered 
more convergent in palling through itj and if the 
crystalline be properly formed, they will be re- 
fradted by it into " focus at c on the retina. The 
feme will happen to the pencil which proceeds 
from l, whofe focus will be m ; and the foci of 
the intermediate points v ill be between m and c: 
confequenily an inverted picture or image will be 
' formed on the retina, and fenfation be produced 
by the adtion of the light on the expanfion of the 
optic nerve, which from thence is conveyed to the 
u fenfoi ium. And that the parts of the eye are adapted 
to “produce fuch an image, appears likewife from 
experiment: for if the tunica fclerotica be care¬ 
fully taken away from the back of the eye of any 
Animal, the, in verted pidlure of external objects 
may be feen on the thin membranes which remain. 
Neither is the inverfion of the image any obftarle 
to the mind’s conceiving that the objeft is eredtj 
for % focus at m may be confidered as the indica¬ 
tion of the exigence of a radiant point at l, and a 
focus at c may indicate the exiftence of a radiant 
point at oj and fo of others, the mind contem- 
v plating the objedt icfelf, and not the image; befides 

which. 
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which, we have notions refpe&ing pofition that 
are not derived from the fight, whence we judge 
whether a wall is perpendicular or a plane level, 
&fc. Thefe notions are derived from a perception 
of the direction in which gravity conftantly a£fcsj 
to which direction we always- refer. Whence it 
happens, that though the pofition of the eye be ever 
fo much changed, the idea of the pofition of obje&s 
in view remains unaltered. For example; if an w 
obferver view an upright pole or ftaff, the image 
of the pole on the retina will be in a line at right 
angles, to the opening of the eyelids, provided he 
holds his head upright j but if he vary the pofition 
of his head, the image will be formed in a different 
pofition, and upon a different part of the retina: 
notwithftanding which, he conftantly imagines the f 
pole to be crett and unaltered. 

Bccaufe die foci of rays that differ iq divergence x 
are found at different diftances from the lens, thofe 
which diverge lefs coming to a focus fooner than 
thofe which diverge more, it is neceffary that the 
eye fhould be adapted fo as to aft upon the ray9 
that arrive from points at various diftances, and 
to bring them to a focus upon the retina. The 
natural ftrufture of the eye is fucii, that parallel 
rays have their focus on the retina j and when the 
proximity of any ‘objc£fc caufes its rays to fall with 
a greater divergency, the pupil of the eye contra#* 
and excludes the rooft divergent rays, at the fame 
time that the cryftaUine is brought forward, and 
perhaps rendered more convex by means of the 

ligamentum 
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ligamentum ciliare, by which provifions the focus 

y ftill falls on the retina. This adjuftment of the 
eye to the diftances of objefts gives the reafon why 
we cannot view a near and a diftant objeCt at the 
fame time; for, if a hair be held at a few inches 
diftance between the eye and a remote object, fup- 
pofe a tree at half a mile diftance, the tree will 
appear confufed and indiftinCt when the attention 
is iixed on the hair, and the fame will be the cafe 
with the hair when the attention is fixed on the 
diftant tree. 

z There are fome eyes naturally fo defe&ive, that 
they cannot effect this adjuftment. Thofe which 
are replete with humors have the cornea and 
cryftalline too convex, fo that the pencils come 
to their foci before their arrival at the retina, 
where they fall in fmall circular fpaces inftcad of 
points and by their interference render the image 
confufed: on the other hand, if the humors be 
deficient in quantity, the cornea and cryftalline are 
too flat, and the pencils of rays not being fuffi- 
cientfy refrafted, arrive at the retina before their 
union in their foci; whence arifes the fame confii- 
fion in the image as in the former cafe. They whofe 
eyes are imperfect in the firft manner are called 
myopes, from their winking or doling their eye¬ 
lids, but more commonly near-fighted, becaufe they 
fee very near objects diftinCtly, the divergency of 
the rays caufing their foci to foil on the retina. 
They whofe eyes are too flat are called prefbytse, 
becaufe the imperfection of the fight of old men 

being 
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.being occafioned by a decay of the humors, is ge¬ 
nerally of this kind* Both thefe imperfections may 
in a great meafure be remedied by the life of pro¬ 
per fpeCtacles. Since the rays converge too foon 
in the eyes of myopes, it is plain that a concave 
lens interpofed between the objeCt and the eye will 
caufe the rays to fall more divergent, and confe- 
quently will prevent their converging to a focus 
before their arrival at the retina. And the rays 
may be made to converge fooncr in the eyes of 
prelbytae, by means of convex fpeCtacles, fo that 
they, being already convergent when they enter the 
eye, will be lufRciently refraCted by the cornea and 
cryftalline to have their focus on the retina, and 
caufe diftinCt vifion. 

Thefe imperfections are much more frequently a 
the confequences of habit than is generally ima¬ 
gined. Studious men are generally near-lighted, 
whereas failors, fportfmen, and others, who arc ufed 
to fix their attention on remote objeCts, are more 
fubjeCt to the contrary dcfeCt. The eyes of old men 
have another defeCt, namely, rigidity, or a want of 
the power of adjuftment, fo that it often happens 
that they require concaves for diftant and convex 
lenfes for near objeCts, being capable only of feeing 
objeCts diftinClly with the naked eye that are at 
^ moderate diftance. Every one Ihould avoid the 
ufe of fpeCtacles as much as poflible. For, though 
they render vifion more diftinCt, yet, they never 
fail to increafe the defeCt of the eye, fo as in time 

to 
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to render it almoft impoffiblc to ice without them 
with any degree of diftincftncfs. 
b The eyes of various animals are accommodated 
with great Hull to the exigencies of their fituations. 
Ih fifties the cornea is almoft fiat, that it may be 
no obftacle to their fpeed in the water, but this 
is compenfated by the cryftalline, which is fpherical, 
and therefore adapted to perform the whole necef- 
fary refradtion of the rays. And in cats and fome 
other animals that prey in the dark, the pupil of the 
eye is fo variable is to admit more than an hun¬ 
dred times the quantity of light at one time than 
another. The human eye admits more than ten 
times the quantity of light at one time than at 
another, and perhaps the differences may be much 
greater in very dark .places: it is not improbable 
but that the iris may be then almoft entirely drawn 

back, and the pupil expanded to the whole furface 
of the cornea. 
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CHAP. IV. 

OF REFRACTING MICROSCOPES} OR THE DIOPTRIC 
INSTRUMENTS, BY MEAJIS OF WHICH SMALL 
AND NEAR OBJECTS ARE MAGNIFIED. 

The apparent magnitude of any object is mea- c 
£urcd by the angle under which it is viewed by 
the eye; confequently the apparent magnitudes of 
two or more objc&s may be the fame, or may 
differ in any proportion, let their real magnitudes 
be what they will. "I hus, the apparent magnitudes 
of c d, f g, and h i (fig. 95) are equal when view¬ 
ed by the eye at e, becaufe they are feen under the 
fame angle, though their real magnitudes are very 
different: and the apparent magnitude of ab is 
greater than thofe of die former three, becaufe it 
fubtends a greater angle, though its real magnitude 
is equal to that of c d, and ids than thofe of f g 
and h 1. 

The image of any objedt on the retina will be d 
greater or left in proportion to its apparent mag¬ 
nitude, and therefore the fame objedt is feen more 
enlarged and diftindt the nearer it is brought to 
the eye, provided its diflance be fufficiently great 
for the rays to fall,nearly parallel on the pupil: at 
left diflances it continues to be enlarged, but is 
confuted. The kail diflance is about fix inches. 
The eye can juft diftinguifh objects that fubtend 
an angle of half a minute of a degree, in which 

8 cafe 
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cafe the image on the retina is lefs than the.-^tW 
part of an inch broad, and the objedt, fuppofing 

t 

it fix inches diftant, about the - Tt , - s -b' part of an inch 
broad. And all fmaller objects are invifible to the 
naked eye. 

The inftruments by which thofc fmaller objedto 
are rendered vifible are called microfcopes, and are 
conftruded in two different methods. The one is, 
by the interpofition of a convex lens, between the 
objedfc and the eye, to render it diftindt at a Ids dif- 
tance than fix incites, by which means its apparent 
magnitude increales as the distance is diminiihed: 
and the other is, by placing the object lo with re- 
fpedt to a convex lens that its focal image may be 
much greater than itfelfj and contemplating that 
image inftead of the object. The firft are called 
fimple or Angle microfcopes, and the latter com¬ 
pound or double. 

Let by (fig. 96) repreient the eye, and oit 
fmall objedt fituated very near, fo that the angle of 
its'apparent magnitude oc b may be large. Then 
its image on the retina 1 m will alfo be large j but 
bccaufe the pencils of rays are too divergent to be 
collected into their foci on the retina, it will be 
very confufed and indiftindl. Lot the convex lens 
ns (fig. 97) be interpofed, fo that the diftance 
* between it and the objedt may be equal to the focal 
length at which parallel rays would unite, and the 
rays which diverge from the object and pafs through 
the lens will afterwards proceed, and confequently 
enter the eye, parallel t they will therefore unite, 

and 
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and form a diftindt image on the retina, and the 
object will be clearly feen, though if removed to 
the diftance of fix inches, irs fmallneis would ren¬ 


der it invifible. And fincc the apparent magnitudes o 
of objects that fubtend fmall angles are nearly in 
the inverfe proportion of their diftances, if the real 
magnitudes be equal, the proportion in which the 
objedt is magnified will be as fix inches to its dis¬ 
tance from the eye. Whence it follows, that the 
moft convex lenfes, having the fhorteft focal diftance - 
of parallel rays, mult magnify the moft; for they 
permit the objedt to approach nearer the eye than 
thofe do which are flatter. When the lens is not h 


held clofe to the eye, the object is amplified ibme- 
what more; becaufe the pencils, which pals at a 
diftance from the center of the lens, are refradted 


inwards toward the axis, and confequently feem to 
come from points more remote from the center of 
the objedt, as may be feen in fig. 98, where the 
pencils which are emitted from o and b, are refradted 
inwards, and feem to come from the points i and m. 

A drop of water is a microfcope of tiiis kind, by 1 
reafon of its convex furface; for, if a fmall hole be 


made in a plate of metal, or other thin fubftance, 
and carefully filled with a drop of water, fmall 
objedts may be feen through it very diftindt, and 
much magnified. But there are fome difficulties in 
the management of thefe» which fmall glafies are. 
free from, and therefore they are not much vied. 
In fadt, chcapncfs Is their principal recommenda¬ 
tion. 


Vol. I. Z 
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k The compound microfcope, by means of which 

if 

the image is contemplated inftcad of the objed, is 
of two kinds, die folar and the common double 
l microfcope. The folar microfcope is thus con- 
ftru&ed: let a c (fig. 99) reprefent the fide of a 
darkened chamber, l n a convex lens, fixed oppo- 
fite .a perforation in ac, o b a fmall object, and 
¥ o_a white fereen placed within the chamber oppo- 
fite to the lens; then, if the object be placed at a 
- due distance from the lens, the pencil of light which 
proceeds from the point o will converge to a focus 

on the fereen at 1, and the pencil which proceeds 

* 

from the point b will converge to a focus at m, and 
the intermediate points of the object will be de¬ 
picted between 1 and m, forming a picture which 
wiH be as much larger than the object in propor¬ 
tion as the diftance of the fereen exceeds that of the 
image from the lens (324, 1). This is the prin¬ 
ciple on which the inftrument ads, but it is ufual 
to add other auxiliary parts as a lens or fpeculum to 
illuminate the obj$d by converging the Sun's light 
upon it, &c. which cannot, with fufficient brevity, 
be here enlarged upon. The folar microfcope is 
by for the moft pleating in its effeds, and leaft 
. oifenfive to the eyes of any in ule. 
m In the common double microfcope the image is 
contemplated inftead of the objed, being viewed 
through a tingle lens in die fame manner as the ob¬ 
jed in a tingle microfcope. Thus, 
n Let l if (tig. 100) reprefent, a double convex 
lens, and o s a fmall objed, fo applied, that the 

pencils 
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pencils of rays which emerge from it, and pafs 
through the lens, may converge to their ncfpcdtive 
foci, and form an inverted image at im. This 
image will be as much larger than the object in pro¬ 
portion as its distance exceeds that of the objeft 
from the lens (314, 1), and, if it be viewed 
through the lens f c, will again be magnified upon 
the principle of the fingle microfcope (336, f) in 
proportion as its diftancc from‘the eye is lefs than 
fix inches; the image formed by the firft lens, which 
is called the objedt-glafs, ferving inftead s >f an ob¬ 
ject for the fecond, or eye-glafs. But it is to be o 
noted, that the image formed in the focus of a 
lens differs from the real objeft in a very effential 
particular; that is to fay, the light being emitted 
from the objedt in every dire&ion, renders it vifible 
to an eye placed in any pofition, but the points 
of the image formed by a lens or mirror emitting 
no ftiore than a fmall conical body of rays, which 
arrives from the glafs, can be vifible only when 
the eye is fituated within its confine. Thus, the p 
pencil which is emitted from b in the objeft, and 
is made to converge by the lens to m, proceeds 
afterwards diverging towards h, and therefore never 
arrives at the lens f g, nor enters the eye at e. But 
the pencils that proceed from the points o and b 
will be received on the lens f g, and by it carried, 
parallel, to the eye; confequently the correfpondent 
points of the image i and m will be vifible, and 

thole which are fituate farther out towards i and m 

Z 2 will 
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q_ will not be feen. This quantity of the image r m, 
or vifible area, is called the field of view. 
r Hence it appears, that if the image i m be large, 
a very fmall part of it will be vifible, becaufe the 
pencils of rays will for the mod part fall without 
the eye-glafs f c. And it is like wife plain, that a 
remedy which would caufe the pencils, that pro¬ 
ceed from the extremes o and b of the object, to 
arrive at the eye will render a greater part of it vi¬ 
fible ; or, in other words, enlarge the field of view, 
s This is effected by the interpofttion of a broad lens 
d i (fig. ioi) of a proper curvature at a fmall dis¬ 
tance from the focal image. For, by that means 
the pencil bm, which would otherwife have pro¬ 
ceeded towards h, is tefra&ed to the eye, as deli¬ 
neated in the figure, and the mind conceives from 
thence exigence of a radiant point at p, from which 
the rays laft proceeded (316, 1). In the fame 
manner, the other extreme of the image is feen at 
and the intermediate points are alfo rendered 
t vifible. On thefe confederations it is, that com¬ 
pound portable microfcopes are ufually made to 
confift of an object lens, l n, by which the image 
is formed, enlarged, and inverted, an amplifying 
lens, d e, by which the field of view is enlarged, 
and an eye-glafs or lens, by means of which the 
eye is allowed to approach very near, and confe- 
quently to view the .image under a very great angle 

of apparent magnitude*, 

•* 

* The aberration of the rcfra&ed rays from the true focus, 
which nrifes frtm the fpherlcal figure of the lens, d b, the prif. 

■ K xnatic 



MAGIC LANTHORN. ' 


341 

The magic lanthorn is a microfcope upon the u 
fame principles as the lblar microfcope, and may be 
ufed with good effect for magnifying fmall tranf- 
parent objects; but in general it is applied to the 
purpofe of amufement, by calling the fpecies or 

r 

image of a fmall traniparent painting on glafs upon 
a white wall or fcreen, at the focal dillance from the 
inftrument. After what has already been faid, it 
will be eafy to underlland the following defcription 
of its component parts. 

In the infide of a box or lanthorn is placed v 
the candle or lamp c (fig. 102) whole light 
pafies through the plano-convex lens n n, and 
llrongly illuminates the objedt o b, which is a trans¬ 
parent painting on glafs, inverted and moveable 
before n n, by means of a Hiding piece in which 
the glafs is fet or fixed. This illumination is Hill 
more increafed by the reflection of light from a 
concave mirror, s s, placed at the other end of the 
box, that caufes the light to fall upon the lens 
n n, as reprefented in the figure. Laftly, a lens 
l L, fixed in a Aiding tube, is brought to the requi- 
fite diftance from the objedfc o b, and a large erect 
image 1 m is formed upon the oppofitc wall. 

mati.e colour? that are fe pirated very much, and the lofs 
of light by reflexion, which it moil confiderable when the 
refraction is greateft, are the caufes why in the bed double 
microfcopes three or more lenfes are fubftituted injftead of 
pie fingle amplifying lens, 9 >• 
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CHAP. V. 

OF REFRACTING TELESCOPES; OR. THE DIOPTRIC 
INSTRUMENTS, BY MEANS pF WHICH REMOTE 
OBJECTS ARE RENDERED LARGE AND DISTINCT 
TO THE VIEW. 

w As' the microfcope is calculated to obviate the 
dtfe&s of vifion with regard to objects, whole 
angles of apparent magnitude are too ftnall for 
fight on account of the fmallnefs of the objects 
themfelves, fo telefcopes are adapted to improve 
the fenfe with iclpeA to objedls, whole angles of 
apparent n agmtude are too fmall for light by rea- 
fon of their remotenefs 01 diftance. The inten- ♦ 
tion of both inlliuments is the fame, namely, to 
increJe that angle, and, by conlequence, the tele- 
fcope differs very little fiom the compound micro* 
fcope, except in foine particulars of convenience, 
x Let ln (fig. 103) reprefent a convex lens, and 
o b a diftant objtd; then the pencils of rays will be 
collected into their refpeclive foci, and form the 
inverted image 1 m, to which the eye, by means of 
the lens e r, may approach lo near as to view it 
very large and diftindl. This is- the common aflro- 
nomical telefcope. 

y But, as it is inconvenient to view pbje&s on the 
eaith inverted, there are ufually contrivances an¬ 
nexed to the telefcope by which the image becomes 
eredt as well as the objeft. The fimpleft of thele 

is 
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is the following, where a concave is fubftituted in- 
ftead of the convex eye-glafs. 

Let l n (fig. 104) reprefent the objedt-glals 
as before, and o b a diftant objedh Then the 
pencils from the rdpedtive points of the object 
would converge to their foci, and form the in¬ 
verted image 1 m, if the lens s b were not inter- 
pofed. But the lens be being a double concave, 
occasions the rays to diverge more than before* 
fo that the rays which are emitted from b in the 
objedt, inftead of converging to m, are made to 
proceed parallel towards h. For the fame realon 
the rays from o are made to proceed parallel to¬ 
wards kl; the intermediate pencils being affedted 
in the lame manner. Now, fince parallel rays caufe 
diftindl vifion, it is plain, that an eye placed in the 
pencil h, will conceive it to be emitted from fome 
point, fuppofe m, fituated in the laft diredtion of 
the rays, and the image of b will be feen at m. 
By the fame argument, the image of o will be feen 
at i, by an eye fituated at k, and the like for the 
intermediate points. Therefore, an image will be 
feen at i m, eredt or fimilarly fituated with the objedt 
itfelf. 

This telefcope reprefents objedts very bright and a 
clear, and as much magnified as the other does, 
but is unpleafant in its ufe, on account of* the 
contradted field of view. For the pencils, being 
rendered divergent with refpedt to each other, pals 
moftly on one or the other fide, without entering 
the pupil of die eye, and therefore a very final! 

Z 4 . F** 
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part of the image can be feen at once: thus, if 
the eye be at h, it will view the point m, and if 
it be moved towards k, it will fee in fuccefiion all 
the parts of the image towards i: but, as the pupil 
of the eye is not broad enough to receive the pen¬ 
cils h and k. at the fame time, the points m and i 
cannot be feen at once. The larger the pupil and 
the nearer it is placed to the eye-glafs, the more 
pencils enter the eye at once. Confequently the 
field of view is largeft under thefe circumftances, 

. and in all other cafes lefs. 

By the addition of two eye-glaffes to the agrono¬ 
mical telefcope, it is adapted to terreftrial objects, 
the field of view remaining the fame. Thus, the 
lens ff (fig. 105) which is fimilar to e e, being 
placed at twice the focal distance for parallel rays 
from e e, receives the pencils of parallel rays after 
they have crofied each other at x, and forms an 
image at i m, fimilar and equal to 1 m, but con¬ 
trary in pofition, or eredt; which laft image is 
viewed by the lens 0 c. This is the common tele¬ 
fcope., and though, by reafon of the number of 
lenfes, it does not reprefent objedts fo bright as the 
foregoing, yet, its ample field of view makes it 
much more pleafing and ufeful *. . 

• The eye piece of telefcopes is ufually fitted up with five 
or more lenfes, for reafons fimilar to thofe mentioned in the 
-note, oa page 340. Their di fiances are often adjufted in 
fuch a manner that they magnify the image 1 u qa the 
compound microfcope principle. 


The 
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The exhalations which continually arife from the c 
Earth* render the air lefs tranfparent, (293) spe¬ 
cially near the Earth, where rhe mixture is lefs 
complete, and therefore the celeftial bodies are 
Icen much more obfeure when in the horizon than 
when at any confiderablc elevation; for in the firft 
cafe, they are viewed through that part of the 
atmofphere which is contiguous to the furface of the 
Earth, and in the latter through a part which is 
at a greater diftance. But this obfeurity is the 
lead part of the inconvenience. The riling exha- d 
lations have a kind of undulating motion, like 
that of fmoke or fteam, fo that objects feen through 
them appear to have a tremulous or dancing mo¬ 
tion, which is fcnfible even to the naked eye, if 
diftant objects be viewed in a hot dimmer’s day. 
Hence alfo the ftars twinkle, and the lhadow of 
lofty buildings have a tremulous motion. In te- a 
lefcopes* this effedt is Hill more perceptible, info- 
much as to render them intirely ufelefs, for terref- 
trial objedts, when they augment the apparent mag¬ 
nitude more than eighty times*. But when objedts 

in the heavens are viewed at any confiderable alti- 

• • » 

rude, inftruments may be ufed which magnify many 

thoufar.ds of times. 

• * • - • 

% 

* That accurate and enlightened aftronomer, Alexander 
Aubert, Efq. obferves, that this undulation is the greateft 
when the telefcope is not placed in the open air, but within a 
room. J7or the temperature of the room being feldom cor- 
refpondent with that which obtains abroad, there is aim oft 
always a confiderable undulation produced at the window 
where the ftreams of hot and cold air mix. Herfchel ufes his 
telefcope s in the open air. 


From 
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f From this want of tranfparcncy in the atmofphere 
arifes that gradual .diminution in the light of ob¬ 
jects, -which painters call the aerial perfpedtive; for, 
if the air were perfectly tranfparent, an object 
would be equally luminous at all diftances, be- 
caufe the vifible area and the denlity of light de- 
creafe in the fame proportion, namely, as the fquare 
c of the diftance. It is from this gradual diminu¬ 
tion of light, together with the angle of apparent 
magnitude, that we eftimate diftances; and becaule 
the celeftial bodies, when near the horizon, are 
more obfeure, for the reafon urged above (345, f), 
though their refpc&ive apparent magnitudes remain 
unalteicd, or in a fmall degree diminilhed, we 
adopt the notion of their being actually larger at 
h that time. Thus, like wile, men feen through a 
mill: appear gigantic, the obfcuiity cauling us to 
imagine them more diftant than they really aie. 
1 But, in the cafe of the heavenly bodies, there is 
another circumftance that tends to deceive us in 
our judgment of the diftance: we conceive the Iky 
to be a concave dome; and as the clouds towards 
the horizon are evidently more diftant than thofe 
near the zenith, we imagine the horizontal radius 
k to be much longer than the vertical. From this 
notion we regulate our ideas with regard to the dif¬ 
tance of the heavenly bodies, at different altitudes* 
which diftance, we fuppofe to be greater than they 
are ne<i>er the horizon, and we are confequently 
led to imagine, that they are larger at that time. 
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By the folar microfcope and magic Ian thorn, j. 
we have feen that the fpecies of near objedts may 
be* call on a fcreen in a darkened chamber. The 
camera obicura has the fame relation to the tele- 


fcope, as the folar microfcope has to the common 
double microfcope, and is thus cdnftrudted. 

Let c d (fig. 106) reprefent a darkened cham- m 
ber perforated at l, where a convex lens is fixed, 
the curvity of which is fuch, that the focus of 
parallel rays fall upon the oppofite wall. Then, 
if a b be an object at fuch a diflance, that the 
rays which proceed from any given point of its 
furface to the lens l, may be efteemed parallel, an 
inverted pidture will be formed on the oppofite 
wall. For the pencil which proceeds' from a will 
converge to a, and the pencil which proceeds from 
b, will converge to b, and the intermediate points 
of the objedt will be depidted between a and b. 
This is one of the moft pleafing and delightful ex* 
pertinents in optics, and never fails to ftrike the 
beholder with furprife and admiration. Its only 
defedt is the inverted pofition of the pidture, which 
may be remedied by feveral methods. But as 
they all tend to make the image lefs lively, they 
are fcldom ufed. 


CHAP. 
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CHAP. VI. 

OF THE IMPERFECTIONS OF TELESCOPES, AND 
THEIR remedies; AND OF THE ACHROMATIC 
TELESCOPE. 

n Singe the conltrudlion of a telefcope confifts 
in nothing more than viewing, by means of a 
tnicrofcope or cye-glafs, the image which is form¬ 
ed in the focus of the object-glafs; it may ieem 
eafy to make a telescope with a given objedt-glafs, 
that lhall magnify in any aflignable degree. For, 
if the eye-glafs be rendered more and more con¬ 
vex, the eye may be permitted to approach nearer 
and nearer to the image, and consequently to view 
it under an angle of apparent magnitude that (hall 
be greater and greater, as required. But this is 
o unattainable on two feveral accounts. The firft 
is, that fpherical fur faces do not refract the rays 
of light accurately to a point, as has already 
been obferved; and the fecond and mod con- 
r fcquential is, that the rays of compounded light, 
being differently refrangible, come tp their re¬ 
spective foci at different diftances from the glafs, 
the more refrangible rays converging fboner thaq 
thofe which are lefs refrangible. This is evident 
from what has already been faid on that fubjeft, 
4,, and is likewife confirmed by experiment; for a 
paper, • painted intenfely red, and properly illumi¬ 
nated. 
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Rated, will caft its fpecies, by means of a 
s^ens, on a fcreen at a greater diftance than will 
another blue paper by the fame lens in like cir- 
cumftances. And here it may be noted, that the 
lens proper for this experiment muft be very flat, 
or a portion of the furface of a large fphere. 
Hence the fpecies or image of a white objed may 
be faid to confift of an indefinite number of co- u 
loured images, the violet being neareft, and the 
red fartheft from the lens, and the images of inter¬ 
mediate colours at intermediate distances. The 
aggregate, or image itfelfi muft therefore be in 
fome degree eonfufed, and this confufion, being 
very much increafed by the magnifying power, or 
eye-glafs, renders *it neceflary to ufc an eye-glafs 
of a certain limited convexity to a given object- 
glafs. , For which reafon, if it be required to con- 3 
ftrud a telefcope that fhall magnify objeds in a 
greater degree than a given telefcope, the objed- 
glafs muft be Ids convex, and of confequence its 
focal diftance longer. Thus an objed-glafs of 4 t 
feet focal length will bear an eye-glafs of about 1^ 
inch focus, and will magnify objeds in length or 
diameter 40 times: one of 25 feet focal length 
will bear an eye-glafs of j inches focus, and mag¬ 
nifies 100 times* and one of 100 feet will bear an 
eye-glafs of fix inches, and magnifies 200 times, 
ft is alfo neceflary to limit the aperture of the ob- u 
jed-glafs, to exclude thofe rays which are incident' 
at too great diftanccs from the centers for thofe, 
being more refracted, are more particularly fob- 

jed 
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jeCt to the irregularities which arife, either from 
the figure of the glafs or the unequal refraction of 
light. The diameter of the apertures of objeft 
lenfes, of equal goodnefs, ihould be as the fquare 
roots of their focal lengths, 
v The great inconvenience and difficulty of ma¬ 
naging the longer telefcopes, occasioned the phi- 
lofophie world to fix their thoughts upon the 
means of converging the rays of light without fe- 
parating them into their component colours. ' The 
expedients for that purpofe were firfl: perfected by 
w Sir Ifaac Newton and Mr. Dollond. The focal 
image in the telefcope of Sir Ifaac Newton is formed 
by reflection from fpeculums or mirrors, and be¬ 
ing therefore free from the irregular convergency 
of the various rays of light, will admit of a much 
larger aperture, and bear the application of a very 
x great magnifying power. The difficulties which 
attend this inftrument, are the tarnifhing of the 
metalline fpeculums, and the very great accuracy 
required in giving them the true figure, for an 
error in a reflecting furface affeCts the direction 
of the rays much more than a like error in a re- 
y fraCting furface. Yet this telefcope is, notwith- 
z (landing, the belt in ufe. Mr. Dollond’s inven¬ 
tion confifts in the ufe of a compound objeft-glafs, 
which is ufually termed achromatic, or colour- 
lefs, from its property} and the principal imper¬ 
fection in the practice, is the difficulty of pro¬ 
curing glafs that fhall be uniformly of the fame 
* refraCtive denfity. As we are now (peaking of 

dioptrics. 
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dioptrics, it will be more regular to defcribe the 
^chromatic telefcope firft, and refer the other to 
its place, where we fhall explain the properties of 
inftruments that aft on the principle of reflection. 

Becaufe the component rays of light differ a 
from each other in refrangibility, they are fepa- 
rated from each other by refraction, and be¬ 
caufe they are all refraCted fo as to preferve a 
confront ratio between the fines of the angles of 
incidence and refraction, that feparadon mud be 
greateft when the whole beam of light is moft de¬ 
flected from its courier. From hence opticians have 
concluded, and there is a paflage in Sir Ifaac 
Newton’s * optics, that feems to confirm the opi¬ 
nion, that prifms, which defleCt the whole beam 
of light equally out«of its courfe at like incidences, 
will, however different their refraCtive denfities, 
occafion alfo an equal reparation or divergency of 
the component rays: or in other words, that if 
the emergent refraCled light from the furface of a 
given prifm be immediately received on the fur- 
face of a fecond prifm, which fhall refraCt it equal¬ 
ly in Ac contrary direction, fo that at its emer¬ 
gence, it fhall proceed parallel to the firft incident 
beam, this laft emergent Kght will continue white, 
however different the matter of the fecond prifin 
may be from that of the firft. But this Mr. Dol- b 
lond has fhewn to be ill-founded, for, by his ex¬ 
periments it appears, that the different kinds of 

* Book I. Part 2. Experiment VIII. 
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glafs differ extremely with refpedfc to' the divergency 
of colours produced by equal refradtions. He 
(bund that two prifms, one of white flint-glafe, 
whole refradting angle was about 25 degrees, and 
another of crown-glafs, whole refradting angle was 
about 29 degrees, refradted the beam of light near- 
ly alike, but that the divergency of colour in the 
white-flint was conflderably more than in the crown- 
glafs j lo that, when they were applied together, 
t6 refradt contrary ways, and a beam of light tranf- 
mitted through them, though die emergent con¬ 
tinued parallel to the incident part, it was, not- 
withftanding, feparated into component colours. 
Whence he inferred, that, in order to render the 
emergent beam white, it is necefiary that the re¬ 
fradting angle of die prifm of crown-glafs Ihould 
be increaled; and by repeated experiments, he 
dilcovered the exadt quantity. But this colourlefs 
emergent light was not then, by reafon of the in¬ 
crealed angle of the prifm of crown-glafs, paral¬ 
lel to the incident ray, but was refradted towards 
\ * 

the bafe of the lad: mentioned prifm. 
c By thcle means he obtained a theory, ip which 
refradtion was performed without any reparation or 
divergency of colour, and which it was not dif¬ 
ficult to apply in the conftrudtion of the objedt- 
o glades of telefqopes. Let abed (fig. 107) re- 
prefent a double concave lens of white flint-glals, 
and a g d f a double concave of crown-glafs; then 
the parts of the lenfes which are on the lame fide 
- of the common axis, namely, acb and afg ; may 

be 
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be conceived to aft like two prifms, which refraft 
contrary ways, and if the excels of refraftion in the 
crown-glafs a f o be fuch as precifely to deftroy 
the divergency of colour cauled by the flint-glafs 
acb, the incident ray s h will be refrafted to x, 
without any produftion of colour. The fame is 
alfo true of the ray s h, and of all the other inci¬ 
dent rays, and confequently the whole focal image 
formed by this compound objeft-glafs will be 
achromatic, or free from colour which might ariie 
from refraftion. It will therefore bear a larger 
aperture, and greater magnifying power, and of 
courfe enlarge objefts much more than a common 
refrafting telefcope of the fame length. 

It is more convenient on leveral accounts to t 
combine three lenfes together, one double concave 
of flint-glafs between two convcxes of different kinds 
of crown-giafsj and the glafies may be fo adjufted 
to each other, as not only to form a focal image 
without the prifmatic colours, but alfo free from 
the defefts which in other lenfes arife from their 
fpherical figure. 

The greateft impediment to the conftruftion of 
large achromatic tclcfcopcs, as has been obferved, 
(35P, z) is the want of a flint-glafs of an uniform 
refrafting denfity. Fortunately for Dollond, this 
kind of glafs was procurable, when he began to 
make achromatic telefcopes, though the attempts 

Vol. I. A a of 
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of many ingenious chemifts have ftnce been exerted 
to make it, without much fuccefs *. 


C H A P. VII. 

or CATOPTRICS, OR THE REGULAR REFLECTION Of 
LIGHT ; AND OF THE REFLECTING TELESCOPE. 

e It has been fhewn, (317, m) that a fur face may 
be conftrudled that fhalJ retieft the rays of a given 
pencil of light, fo as to make them either converge 
to a point, diverge from a point, or proceed paral¬ 
lel to each other. This furface may be either 
plane or curved. 

u A plane mirror reflects a pencil of light under 
the fame circumP.ances as it was incident; that is 
to lay, if a pent >i, which emanates from a given 
point, be incident on the mirror, it is reflected fo, 
that its rays proceed with the fame divergency 
from another point, whole diflauce behind the 
mirror is equal to the diftance of the radiant point 

• The author has been informed, that the glafs employed 
by Dollond in the fabrication of his bell tele Lopes, was all 
of the fame melting, or made at one time; and that, ex¬ 
cepting this particular treafure, cafually obtained, good 
denfd glafs for achromatic purpofes was always as difficult 
■. to be procured as it is now. 
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before the mirror from the place of incidence: 
■and if the pencils of rays, which emanate from a 
given furface, be incident on the mirror, they will 
be refled ed fo as to preferve the fame inclinations 
to each other as before, and therefore will appear, 
to proceed from a furface, whofe magnitude and 
diftance behind the mirror are eXaflly equal to thofe 
of the radiant furface (317, k). Hence it is, that 
plane mirrors re fled the fpecies of objeds, which 
are equal, like, and fimilar in pofition with the 
objeds themfelves. 

Concave mirrors render the pencils of rays, 1 
which are incident upon them, more convergent, 
and convex mirrors render them more divergent, 
(318, o). If the mirrors be regularly formed, 
according to the proper curve, the convergent or 
divergent light of any pencil after refiedion will 
refped fome particular point of fpace. 

A portion of a fphere, whofe breadth is about K 
fifteen degrees, differs very little from the curve 
furface, by which parallel rays would be made by 
refiedion to converge to, or diverge from, a point. 

It is therefore in many cafes ufed for that purpofe, 
as being much eafier to conftrud. 

There is a great refemblance between the pro- t, 
perries of convex lenfes and concave mirrors, and 
between the properties of concave lenfes and con¬ 
vex mirrors. Convex lenfes and concave mirrors m 
form an inverted focal image of any remote ohjed; 
by the convergence of the pencils of rays: concave n 
lenfes and convex mirrors do, in general, form an 

A a 2 ered 
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ereCt image in the virtual focus, by the diver- 
o gence of the pencils of rays. In thofe inftru- 
ments, whofe performances are the effeCts of re¬ 
flexion, the concave mirror is fubftituted in the 
place of the convex lens, and the convex mirror 
p may be ufed inftead of the concave lens: but their 
difpofitions with refpeCt to each other, when cc ..1- 
bineci, muft necefiarily differ from thofe of lenfes, 
on account of the opacity of the one, and the tran- 
Iparency of the other. 

Let a p. (fig. 108) reprefent the pr’ifhed fphe- 
rical furface of a concave mirror, and o b an objeCt 
fituatcd without the center of the mirror; then 
the pencil of rays, which is emitted from the 
point o, will fall on the mirro.; and after re¬ 
flection, converge to the focus 1 j the pencil 
from b will converge to m, and the like will hap¬ 
pen to thofe emitted from the intermediate points, 
whofe foci will be found between 1 and m. There 
will confequently be formed before the mirror an 
inverted focal image, refembling that which is 
formed by a convex lens (324, h). 
r Ixt a r (fig. 109) reprefent the polifhed fphe- 
rical furface of a convex mirror, and o b an 
objeft: then the pencil of rays, which is emitted 
from the point o, will fall on the mirror, and 
after reflection diverge from the virtual focus 15 
the pencil from b will emerge from m, and the 
like will happen to thofe emitted from the inter¬ 
mediate points, whofe virtual foci will be found 

V 

between 1 and m. There will confequently be 

formed 
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formed behind the mirror an ereCt focal image, 
/cfembling that which is formed by a concave 
lens. 

Let u (fig. no) reprefent a concave mirror, s 
whole center is c, and o b an object fituated with¬ 
out the center. Through the center c, from o, 

% # 

draw the line o n, which will be perpendicular 
to the mirror at n, and will therefore reprefent 
both the incident and reflected ray, which pro¬ 
ceeds from o, and is reflected at n: the focal 
reprelentation or image of o will conlequently be 
found in that line. Through c, from b, draw the 
line b v, and by the fame realbning the focal image 
of B will be found in that line. Draw the line or 
ray o v, and it will be reflected lb as to crols che 
ray ox at i, the angle of reflection i v c being 
equal to the angle of incidence ovc. This inter- 
feCtion of the rays determines the focal point of 
o, which is i. From b to n draw the ray b n, and 
its reflection will determine the focus of b, which 
is m, and the image will be inverted. 

Let ar (fig. in) reprefent a convex mirror, t 
and the other reprdentations and conftruCtion be 
as in the laft figure. The focal reprefentations of 
o and B will be found in the lines o c and b c, 
and the reflected part of the ray o v will virtu¬ 
ally crofs the line o c at i; the reflected part of 
the ray b n will alfo virtually crols the line icatM. 
Thefe interfeCtions will determine the place of the 
focal image i M, which will be ereCt. 
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u Hence it appears to be the property of thele. 
mirrors, that the objedl and the image, if viewed v 
from the center of the fphere, are feen under 
equal angles; for, the angle o c n is equal to 

▼ the angle icm; and that the object and image, 
if viewed from the point of refie&ion, are feeii 
under equal angles; for, the angle ov b is equal 
to the angle ivm. From this it is eafy to find 

the pofition and magnitude of the focal image, 

■» 

if the pofition and magnitude of the obje£t, and 
the diameter of the fphere, of which the mirror is 
a part, be known. 

w The reflc£ting telefcope, which was made by 
Sir lfaac Newton, was of the following form. 

Let defg (fig. 112) reprefent a tube; at 
one end of which is placed the concave mirror 
a R, and let o b reprefent a diftant objedl; then 
the pencils, which are emitted from the feveral 
points of its furface, will be collcftcd, and form 
an inverted image i m. But by the interpofition of 
the plane mirror k c, the rays are refledted, and the 
image is formed at 1 m, which is feen very much 
magnified by means of the ' plano-convex lens 
at l. 

x The immenfely powerful telefcopes of Herfchel 
are on this conftrudtion. This capital artift, and 
moft affiduous aftronomer, has made feveral Ipe- 
culums, which are fb perfect as to bear a magnify¬ 
ing power of more than fik thoufand times in 
diameter on fome of the fixed ftars *, The largcft 

* Phil. Tranf. 1784. 
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.telefcope completed by him, and far exceeding 
In all re/pedts any yet attempted, has an objedt 
lpeculum of forty feet focal length. 

The refledting telefeope, which is moft in ufe v 
at prefent, is compofed of two concave mirrors of 
different radii. The larger concave a r. (fig. 113) 
forms the focal image 1 m, which ferves as an objedt 
for the fmall mirror k c: a fecond image i m is 
formed by the mirror, the rays pafiing through 
Che amplifying lens l, which is placed in a hole or 
perforation in the center of the great mirror a r. 
This image is eredt, and is viewed much enlarged 
through the eye-glafs or lens p. 

In good refledting telefcopes the objedt fpeculum z 
is not of a fpherical form. 

Refledting microfcopes are fometimes made* a 
the method of conftrudting which, as alfo of other 
inflruments, may be deduced from what has been 
faid concerning refledting telefcopes. 
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91—93. vibrate flower near the equator, 236. 

Perihelium , 122. 

Philofophixing, rules of, 6. 

Philojophy, natural, its proofs, 5. how acquired, 100. 

Planets , primary, 105. their mutual appearances, 113—115. 
their orbits elliptical, 121, nearly circular, 122. and in¬ 
clined to the ecliptic, 123. their number and affedtions, 
124—127, moons, 137. motions explained, 207. irregu¬ 
larities, 232. 

Planets, 
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Planets, fecondary, 137. their motion explained, 208. 
Porojity of matter , 17. 

PrtceJJion of the equinoxes 24.0. 

PreJJure, is left than impulfc, 34. 

Pringle , Sir John, 103. 

Prifm, 264 & fcq. 

Projectiles, 97. 

Pulleys 61—64. 

Radiant pointy 3'6. 

Rainbow, 273 ot fcq. 

Reflection of light, defined, 261. analogous to refra&iou, 
292. regular, 317. 

Reflcxibility , 270. 

Refraction, 26 u regular, 320. 

Refrangibility, 264. 

Repufton, 47. apparently exerted between floating bodies, 50. 
Retarded motion, 31, 32. 

Revolving todies, 94 — 99. 

Right afcenfiofi, 182. 

Romer, Monf. 254.’ 

.Rtt/rj ef pbi/ofophixing, 6. 


Saturn and its ring, J37. 179. 

Screw, 68 & feq. 

Seafons, 180—188. 

Shadow of the earthy 110. 

Solftice, 187. 

Spectacles , 333. 

Speculum. See Mirror . 

SpeCtrum , 266 & feq. 

Stars, fixed. See 5 /ar;. 

£a», 104. its parallax, 131. telefcopic appearance, 174. its 
atmofphcre, 175. 

Swing-wheel, 88. 

Synthefts and analyfts , zoo, 

T 2W//, 
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T 

Tackle , 6t—64. 

Telefcopcs, refracting, 34.2. their imperfections, 348. achro¬ 
matic 351—353. reflecting, 358. 

Termination, 183. 

Tides explained, 241-251. 

Tranfit of Venus over the Sun's difc, 132—-136. 

Tranfparency, its caufe, 294. 

Tropics , 188. 


U 

Undulation of the air y 345. 
Univcrfc, fyftem of, 174. 


V 

Variation of the moons motion , 144. 

Velocity, final, 29, 31. initial, 32. 

Venus, its apparent motions and proportional diftance from 
the fun, 105—107. 113. tranfit over the difc of the Sun, 
132—136. telefcopic appearance, 176. 

Vifton, 258, 327 & leq. 


W 

Wedge, 66—68. 

Weight, 35. 

IVhitehurJt , Mr. his inflrunient for meafurin? the time em¬ 
ployed by falling bodies, 42. 

Y 

Tear, natural, 187. natural, periodical, and fidcra], 940. 

9 


Zenith, 182, 
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